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ABSTRACT
Socio-demographic and behavioral factors associated with HIV testing and HIV
seropositivity among women and children in sub-Saharan Africa:
A population-based multilevel analysis
Zelalem T. Haile
Introduction: In sub-Saharan Africa, HIV/AIDS is one of the leading causes of mortality that
disproportionately affects women and children. In this sub-region, 57% of those living with HIV
are women and is home for 90% of children under the age of 15 that are living with HIV. This
study examined socio-demographic and behavioral factors associated with HIV testing and HIV
seropositivity among women and children using nationally representative data.
Methods: The study employed a cross-sectional study design using data from Demographic and
Health Survey and AIDS Indicator Survey, conducted between the years 2006 and 2012 from 25
countries in sub-Saharan Africa. The main outcomes of interest for the three studies included
testing and receiving test results of HIV among women 15-45 years (n=255,048), HIV
seropositivity among women 15-45 years (n = 155,356), and HIV seropositivity in children 0-14
years (n=15,034). Multi-level modeling techniques were employed to explore the association of
these outcomes and individual, community and country-level factors.
Results: With respect to HIV testing and reporting test results, women who were married or who
had been married were more likely to report HIV testing and receiving test results,. Higher parity
was associated with higher likelihood of HIV testing. The odds of HIV testing and receiving test
results reduced with decreasing education and decreasing household wealth status. Employed
women and women with moderate and high media exposure were more likely to report HIV
testing and receipt of test results. Rural residents had reduced odds HIV testing and receiving test
results (Adjusted odds ratio, aOR=0.79; 95% CI 0.69, 0.90). The odds of HIV testing and receipt
of test results was lower for women with high enacted HIV/AIDS stigma (aOR=0.77; 95% CI
0.72, 0.81). A one-unit increase in a country's expenditure on public health (% of GDP), the
odds of testing and receipt of test results increased by 48% (aOR=1.48; 95% CI 1.19 to 1.83). In
terms of HIV seropositivity, factors that include age, marital status, parity, and pregnancy status,
type of residence, stigma, and age at first sex, involvement in premarital sex and having multiple
partners were significantly associated with higher odds of testing HIV positive. Factors
associated with HIV seropositivity in children 0-14 years include maternal HIV seropositivity
(Adjusted odds ratio, aOR = 16.61; 95% CI 16.40, 16.82), maternal age at birth, maternal marital
status, maternal employment status and maternal level of HIV/AIDS awareness.
Conclusions: Testing for HIV and receiving test results and HIV seropositivity among women
and children in sub-Saharan Africa are influenced by a complex set of socio-demographic and
behavioral characteristics at different levels. The development of effective intervention to
prevent HIV infection in these groups requires a much deeper exploration of the influence of
these factors.
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Chapter 1
Overview of the Research
1.1

Background
The HIV virus that causes AIDS is one of the world’s most serious health plight and a

challenge to development and economic growth of many low to middle - income countries in the
world (UNAIDS, 2012). Since the discovery of the disease in 1981, AIDS has resulted in the
deaths of more than 25 million people (UNAIDS, 2011, 2013). Although the disease affects all
parts of the world, studies show that about 97% of those affected by the disease live in low to
middle income countries (Musheke et. al., 2013; 2012 UNAIDS, 2011; MacPhail et al., 2009).
Recent reports have demonstrated that sub-Saharan Africa is disproportionately affected by the
epidemic (UNAIDS, 2013). In 2012, the sub-region was home to 25 million people who were
living with HIV, an estimated 1.6 million new HIV infections and 1.2 million AIDS-related
deaths (UNAIDS, 2013). Most countries in this region have HIV/AIDS prevalence of at least 1%
(UNAIDS, 2011, 2012, 2013). In this sub-region, 57% of those living with HIV are women and
it is home to 90% of children under the age of 15 that are living with HIV (UNAIDS, 2013). The
epidemic has disrupted the development, culture and other socio-economic fabric of
communities in sub-Saharan Africa (May, 2003; Rosen et al. 2004; Greener et al., 2004).
The development and implementation of effective HIV prevention in this region necessitates a
broader understanding of the multiplicity of factors influencing HIV seropositivity at various
levels. In sub-Saharan Africa, population level examination of the relative contribution of sociodemographic and behavioral determinants of screening for HIV and HIV seropositivity is
lacking. This problem is exacerbated further by the lack of data on population-based data, which
in turn creates additional problem in measuring the burden of HIV infection.
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1.2

HIV testing and receiving test results
The World Health Organization (WHO) defines HIV testing - commonly referred to as

HIV Testing and Counseling (HTC) - as the means by which people learn their HIV status and if
tested positive, will have the opportunity to learn about long-term care and treatment options
(WHO, n.d.). According to WHO (n.d.), in 2012 alone, there was an estimated 95 million people
globally that received HIV testing and counseling services. Research has established that
secondary prevention, as with early identification through screening and provision of treatment
to HIV infected individuals, can prevent new infections (Cohen et al. 2011; Granich et al. 2009).
Early detection is a proven, effective strategy to improve treatment and significantly reduce
morbidity and mortality due to infection (Helleringer et al, 2009; Kigozi et al., 2009). Studies
have shown that once HIV positive individuals know their status they are more likely to avoid
risky behavior (King et al., 2009; Denison et al., 2008). Furthermore, along with good quality
counseling, HIV testing during pregnancy prevents potential mother to child transmission
(MTCT). A number of sub-Saharan African countries have recently implemented national
campaigns to encourage uptake of HIV testing. With this broad approach, both primary
prevention among uninfected individuals and secondary prevention among those infected
individuals can be achieved. However, despite their widespread availability, utilization of HIV
testing and receipt of test results remain as low as 82 tests per 1000 people
(WHO/UNAIDS/UNICEF, 2011).
Findings from small scale, community and health facility-based studies identified several
individual level determinants of HIV testing, which includes socio-demographic characteristics
(Gage & Ali, 2005; Matovu et. al., 2005; Hutchinson & Mahlalela, 2006; Matovu & Makumbi,
2007; Wringe et. al., 2008; Cremin et. al., 2012; Leta et al., 2012), stigma (Bayer & Edington
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2009; Matovu & Makumbi 2007; Leta et al., 2012), access (Hutchinson & Mahlalela, 2006;
Csete & Elliot, 2006; Matovu & Makumbi, 2007), and HIV/AIDS awareness (Hutchinson &
Mahlalela, 2006; Jereni & Muula, 2008).
Recent systematic review of qualitative findings on factors enabling and deterring uptake
of HIV testing in sub-Saharan Africa identified additional determinants such as deterioration of
physical health and/or death of sexual partner or child, availability of treatment, social support,
perceived low risk of HIV infection, perceived lack of confidentiality among health workers, fear
of HIV-related stigma, direct and indirect financial costs of accessing HIV testing, and gender
inequality (Musheke et. al., 2013). Other studies have focused primarily on uptake and
acceptability of HIV screening in different clinical settings (Daniel & Oladapo, 2006; Morin et
al., 2006; Worku & Enquselassie, 2007; Collier et al., 2007; Wringe et al., 2008). While the
findings of these studies have important contribution, they have limited generalizability. A large
scale, multi-level and population based investigation of factors associated with HIV testing and
receipt of test results will have a significant contribution to comprehending the disease and in the
development of effective HIV prevention programs.
1.3

HIV seropositivity among women and children
Globally, women constitute about 50% of all people living with HIV (UNAIDS, 2013).

However, in sub-Saharan Africa, women are disproportionately affected by the epidemic and
constitute 61% of all people living with HIV (UNAIDS, 2010). The prevalence of HIV infection
is about 3 to 7 times higher among adolescent women compared to men (Karim et. al., 2010).
Studies have shown that a complex set of biological, behavioral, and structural factors place
women in sub-Saharan Africa at higher risk for HIV (Karim et. al., 2010; Peters et al., 2013).
Population level examination of socio-demographic and behavioral factors associated with HIV
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seropositivity among women in sub-Saharan Africa is currently lacking. A multi-level analysis
of these factors using large population-based HIV surveillance has a potential contribution to
evaluating the impact of existing HIV prevention programs and developing new and effective
strategies for prevention.
In 2012, an estimated 260,000 children were newly infected with HIV (UNAIDS, 2013).
HIV/AIDS is one of the leading causes of child deaths in sub-Saharan Africa, accounting for
about 3% of deaths among children under five years of age (Ngwende et. al., 2013).
Approximately, 89% of AIDS orphans or children who lost one or both of their parents to
HIV/AIDS, reside in this sub-region (Ubesie, 2012; U.S. Global health policy, 2010). The
transmission of the HIV virus in pediatric population, which is about 90%, occurs through
mother to child during pregnancy, during labor or delivery, and through breastfeeding (Newell,
1998; De Cock et al., 2000; Ubesie 2012; WHO, 2012). Factors associated with MTCT of HIV
includes, low CD4 cell counts, age of infant, duration and consistency of breastfeeding, health
condition of mother’s breast, level of viral load, immune status of mother, maternal susceptibility
to HIV infection as well as oral health of infants (Fowler et al. 2007; Embree et al., 2000; Leroy
et al., 2001; Ciaranello et al., 2011). Other factors, such as early breakage of mother’s bag of
membranes as well as premature birth increases the risk of MTCT of HIV (Leroy et al., 2001;
Newell, 2006; Taha, 2011). In order to combat MTCT of HIV, UNAIDS developed a fourpronged strategy. This includes Keeping women and their partners HIV-negative, avoiding
unwanted pregnancies among HIV-infected women and women at risk of HIV, Ensuring
HIV testing of pregnant women and timely access to effective antiretroviral therapy, and better
integration of HIV care, treatment and support for HIV-infected women and their families
(UNAIDS, 2011). A deeper understanding of factors associated with HIV seropositivity among
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women and children using large nationally representative data is key to guiding the development
of strategic and targeted interventions suitable for preventing HIV infection in women and hinder
its transmission to children.
1.4

Specific Aims
In separate but related studies this study aims at characterizing individual, community

and country-level socio-demographic and behavioral factors associated with:
•

Testing for HIV and receipt of test results among women of child bearing age;

•

HIV seropositivity among women of child bearing age; and

•

HIV seropositivity among children 0-14 years in sub-Saharan Africa.
The study utilized the World Health Organization’s Commission for Social Determinants

of Health (CSDH) conceptual framework to guide selection of independent variables for
analysis. To date, the relative contribution of social determinants of health to testing for HIV in a
large population-based study has not been evaluated. Drawing substantially on the contributions
of Solar and Irwin (2007), the commission developed a conceptual framework to describe
relationships among individual and structural variables influencing health status. The framework
is now widely used in the development of targeted interventions on social determinants of health
(CSDH, 2008). This framework is depicted in Figure 1. According to the framework socioeconomic and political factors have the capability to generate societal stratifications by income,
education, occupation, gender, and other factors (CSDH, 2008). Along with other biological,
behavioral and health system related factors, these stratifications influence the health status of
individuals.
Identification of the various level determinants that influence HIV testing and receipt of
test results and HIV seropositivity among women and children should be a critical component of
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HIV/AIDS prevention including prevention of MTCT (PMTCT) programs. It is imperative that
interventions and communication strategies aimed at reducing HIV infection among women and
MTCT of HIV begin with an assessment of the relative contribution of individual and structural
determinants of health that affect women’s HIV screening, women’s HIV serostatus and
children’s HIV serostatus. Translating this kind of evidence into political action will have a
significant contribution in the reduction of morbidity and mortality due to HIV.
This project utilizes secondary data from de-identified Demographic and Health Surveys
(DHS) and AIDS Indicator Surveys (AIS). Since 1984, the United States Agency for
International Development (USAID) assisted several developing countries in collecting
nationally representative demographic and health data (MEASURE DHS, 2013). Over the past
three decades, DHS data has provided a useful, population-based data to national and
international decision-makers to develop informed and effective policies, health programs and
accessible services. So far, the DHS project has collected analyzed and disseminated data on
population, health, HIV, and other characteristics through more than 260 surveys in over 90
countries (MEASURE DHS, 2013). The data were collected using a standard survey
questionnaire, developed by Monitoring and Evaluation to Assess and Use Results Demographic
and Health Surveys (MEASURE DHS) (MEASURE DHS, 2013). The AIDS Indicator Survey
(AIS) was also developed by MEASURE DHS to provide countries with a standardized tool to
obtain indicators for effective monitoring of national HIV/AIDS programs. Specifically, the
design for the AIS was guided by the need for a survey protocol that provides, in a timely
fashion and at a reasonable cost, information required for meeting HIV/AIDS program reporting
requirements including collection of President’s Emergency Plan For AIDS Relief (PEPFAR),
UN General Assembly Special Session on HIV/AIDS (UNGASS), and other indicators, while
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ensuring comparability of findings across countries and over time (MEASURE DHS, 2013).
Country-level data in the study was derived from the World Bank Development Indicators. The
primary World Bank collection of development indicators were compiled from officially
recognized international sources. The data presents the most current and accurate global
development data available, and includes national, regional and global estimates (World Bank,
2012a).
The use of the standardized survey instruments makes it easier to compare results in
different sub-Saharan African countries. At least one DHS dataset is now available for 43
countries in sub-Saharan Africa. In 2001, as part of this national biomarker data collection
process, DHS introduced testing for HIV. The testing protocol is anonymous, informed, and
voluntary (MEASURE DHS, 2013). All respondents receive educational materials and referrals
to free testing and counseling (MEASURE DHS, 2013). HIV test results for women in the 15-49
age group are available for 25 sub-Saharan African countries. Only three countries in subSaharan Africa have implemented HIV testing for children. For testing children, laboratory
technicians administered informed consent to the child’s parent or guardian. Additional details of
the DHS HIV testing protocol can be found elsewhere (MEASURE DHS, 2013).
The 25 sub-Saharan African countries for which HIV testing data is available along with
the standard DHS and AIS health interview were the focus of this project. These countries
include Burkina Faso, Burundi, Cameroon, Congo Brazzaville, Democratic Republic of Congo,
Cote d’Ivoire, Ethiopia, Gabon, Guinea, Kenya, Lesotho, Liberia, Malawi, Mali, Mozambique,
Niger, Rwanda, Sao Tome and Principe, Senegal, Sierra Leone, Swaziland, Tanzania, Uganda,
Zambia, and Zimbabwe. Figure 2 illustrates the sample size for the study population by country.
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Of these countries, only Mozambique, Swaziland and Uganda have implemented HIV testing for
children younger than 14 years.
Data from each country were merged using one-to-one merging. A new variable that
identified each country was created. Descriptive summaries and prevalence estimates was
assessed using frequencies, proportions, median and interquartile range. Simple bivariate tests
for differences with categorical variables were examined using Rao-Scott chi-square test of
independence. Regression diagnostics were utilized to identify potential collinearity. Multilevel
logistic regression models were utilized to assess the influence of measured individual,
community and country-level factors on each outcome variables. For the first two outcomes,
three level multi-level logistic regression models were fitted to compute the fixed effect odds
ratios (OR) and 95% confidence interval (CI) of the three outcome variables. Four nested models
at level 1, level 2, level 3 and level 4 were constructed. Model 1 constitutes an empty model
without any covariate variables. This model was specified to decompose the variance between
community and country-levels. Model 2 represents individual level covariates and the
relationships among the individual level variables; Model 3 contains individual and communitylevel variables and model 4 includes explanatory variables at the individual, community and
country-levels. Intra-cluster correlation (ICC) was used to measure community and country-level
random effects. The linear threshold model formula was used to compute the ICC (Snijders &
Bosker, 1999).
Chapter 2 examines the socio-demographic and behavioral characteristics associated with HIV
testing and receiving test results among women in sub-Saharan Africa.
In order to link HIV positive individuals to effective treatment and care it is necessary to
identify the determinants that influence testing and receiving test results. This study

8

hypothesized that various individual, community and country-level factors influence women’s
utilization of HIV testing and receipt of test results.
Up until the last decade, most if not all information about HIV screening comes from
antenatal care centers, hospital-based or from studies among high-risk groups. Unlike antenatal
care-based surveillance techniques, population-based HIV screening allows direct estimation of
the prevalence and factors associated with screening for HIV in the population. The main
purpose of the study in Chapter 2 was to explore patterns of HIV screening among women in
relation to the socio-demographic and behavioral characteristics measured at different levels with
data from 25 countries in sub-Saharan Africa. The World Health Organization’s (WHO)
Commission for Social Determinants of Health (CSDH) conceptual framework was used to
guide selection of independent variables for analysis.
Chapter 3 presents a multi-level analysis of socio-demographic and behavioral characteristics
associated with HIV seropositivity among women in sub-Saharan Africa.
The development and implementation of an effective HIV prevention program requires a
sound understanding of factors associated with HIV infection. This study hypothesized that
various individual, community and country-level factors influence HIV seropositivity among
women of childbearing age in sub-Saharan Africa
Until recent times, data related to HIV prevalence and risk factors were derived using
data from targeted high-risk group or other health facility-based studies. This was primarily due
to the lack of large population based HIV testing. One major advantage of population-based HIV
testing is that it allows direct estimation of the prevalence and distribution of HIV infection in a
given population. The main purpose of the study in Chapter 3 was to discern the role sociodemographic and behavioral characteristics play measured at different levels on HIV
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seropositivity among women using nationally representative data. In this study, selection of
independent variables was based on the WHO CSDH conceptual framework.
The study in Chapter 4 included a population-based analysis of the socio-demographic and
behavioral characteristics associated with HIV seropositivity among children 0-14 years in subSaharan Africa.
The development of intervention strategies for the prevention of HIV infection in
children requires a holistic understanding of the complex relationship between biological, sociodemographic and behavioral at various levels. Previous studies examining factors associated with
HIV seropositivity in children relied on hospital-based data and placed significant emphasis on
the major biological determinants of MTCT. This study hypothesized that certain sociodemographic and behavioral are associated with HIV infection among women thereby increasing
the likelihood of MTCT of HIV. This study utilized data from three countries in sub-Saharan
Africa namely Mozambique, Swaziland and Uganda, that implemented HIV testing in children.
Chapter 5 presents a summary of key findings, significance and limitations of the study as well
as potential direction for future investigation.
The diversity and complexity of the biological, socio-demographic and behavioral factors
that influence HIV testing and receipt of test results among women, and HIV seropositivity
among women and children calls for a broader and deeper understanding of these factors at
various levels. In addition to a discussion on major findings, this chapter will provide potential
areas of future HIV/AIDS research in sub-Saharan Africa.
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Chapter 2
Socio-demographic and behavioral characteristics associated with HIV testing among
women in sub-Saharan Africa: A population based analysis
Abstract
Objectives: Screening for HIV is one of the most common prevention strategies that local,
international and multilateral organizations in sub-Saharan Africa utilize to tackle the HIV/AIDS
epidemic. However, despite the ubiquity of the provisions of HIV testing services participation
in screening for HIV and receipt of test results remain low. The purpose of this study is to
examine individual, community and country-level factors associated with testing and receipt of
test results among women of childbearing age in sub-Saharan Africa.
Method: The study utilizes a cross-sectional examination of 255,048 women who participated in
the Demographic and Health Survey and AIDS Indicator Survey between 2006 and 2012 in 25
sub-Saharan African countries. Multilevel modeling techniques were used to identify the
association between individual and community and country-level factors and HIV testing and
receipt of test results.
Results: Overall about 40% of women reported having been tested and receiving test results. In
the multivariable-adjusted model, women who were married or who had been married were more
likely to report HIV testing and receiving test results as compared to never married women.
Compared to nulliparity, higher parity was associated with higher likelihood of HIV testing. The
odds of HIV testing and receiving test results reduced with decreasing education and decreasing
household wealth status. Employed participants were more likely to report HIV testing and
receipt of test results than their unemployed counterparts (Adjusted Odds Ratio, aOR=1.10; 95%
CI 1.03, 1.18). Compared to urban residents, residents of rural area had reduced odds HIV testing
(aOR=0.79; 95% CI 0.69, 0.90). The likelihood of HIV testing is higher for women with
moderate and high media exposure, compared to women with low media exposure. The odds of
HIV testing and receipt of test results was lower for women with high enacted HIV/AIDS stigma
(aOR=0.77; 95% CI 0.72, 0.81). On a country-level, for each one-unit increase in a country's
expenditure on public health as a percentage of GDP, the odds of testing and receipt of test
results increased by 48% (aOR=1.48; 95% CI 1.19 to 1.83).
Conclusion: Interventions aimed at improving HIV testing in sub-Saharan Africa should take
into account the importance of individual, community and country-level enablers and barriers to
participation in HIV testing and receipt of test results.
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2.1 Introduction
The HIV and AIDS pandemic disproportionately affects populations in sub-Saharan
Africa. This sub-region has 10% of the world‘s population and, in 2012 was home to 70% of all
new HIV infections (UNAIDS, 2013). Unlike in Europe and the United States, the HIV infection
in sub-Saharan Africa is known to have a generalized epidemic pattern that places every
individual at risk for infection and is one of the leading causes for premature death (Wilson,
2006; Merson, 2006). However, a number of biological, social, cultural and economic factors
contribute to an increasing vulnerability of women for HIV infection. Women account for a
greater proportion of the infected population. In the absence of a cure, preventive measures are
essential to mitigate the spread of the disease.
Primary prevention is the optimal approach to preventing HIV infection, especially with
regard to mother-to-child transmission (MTCT) of HIV. Various levels and methods of
accessible and targeted education and training can be utilized using primary prevention as the
approach to comprehensive and integrated reproductive health. Primary prevention involves
women to be educated in and counseled on prevention of sexually transmitted infections (STI)
and unintended pregnancy, safe sexual practices, partner involvement and disclosure, prompt and
effective STI treatment, STI and HIV screening, family planning, prevention of MTCT of HIV,
and newborn care prior to pregnancy. Additionally, female empowerment is a component of
primary prevention that promotes their ability to engage in prevention. If consistently
implemented, this early intervention is an effective approach for preventing HIV infection in
infants and young children.
Although educating women about HIV infection contributed significantly in the reduction
of new infections, the asymptomatic nature of the disease, especially in the early stages
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contributes to the underestimation of the personal risk for infection and to spreading the disease
(Smith & Morrison, 2006; Klimas et al., 2008). It is therefore critical to screen and educate all
women through HIV prevention programs.
Previous studies have demonstrated that secondary prevention as with early identification
through screening and treatment of HIV infected individuals has the potential to mitigate the
transmission of the disease (Cohen et al. 2011; Granich et al. 2009). Similar studies have shown
that early detection has the potential to improve treatment and significantly reduce morbidity and
mortality due to infection (Helleringer et al, 2009; Kigozi et al., 2009). Other studies have
demonstrated that HIV positive individuals who know their HIV status are less likely to be
involved in risky sexual behavior (King et al., 2009; O‘Dell et al., 2008; Denison et al., 2008;
Marks 2005). Similarly, the provision of quality testing and counseling for HIV during
pregnancy has an additional benefit in reducing the MTCT risk. A number of sub-Saharan
African countries have recently implemented national campaigns to encourage uptake of HIV
testing. With this broad approach, both primary prevention among uninfected individuals and
secondary prevention among already infected individuals can be achieved.
Despite the importance of screening, barriers to screening make compliance difficult.
Historically, fear, stigma and discrimination of being HIV positive has hampered the potential
gain of early intervention, and screening only occurred through voluntary initiation for testing by
clients (Bayer & Edington 2009; Matovu & Makumbi 2007; Csete & Elliot, 2006). Yet,
knowledge of HIV status can decrease one’s level of stigma and has the potential to increase
sensitivity and openness about the disease (Denison et al. 2008; Tedrow et al. 2011). In an effort
to promote screening, several countries and international organizations adopted a new approach
commonly referred to as provider-initiated testing and counseling (PITC) by which all clinical
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patients are routinely offered an HIV test, particularly in hyper-endemic areas (Csete & Elliot,
2006; MMWR, 2007). Some researchers emphasize the importance of this approach in
alleviating fear and stigma while also facilitating a timely diagnosis and early initiation of
treatment (Klimas et al, 2008; Lifson & Rybicki, 2007). Others, however argue that this
approach may eventually lead to a situation where testing may become mandatory (Csete &
Elliot, 2006). Others claim the potential challenges of PTIC in resource-poor settings such as
sub-Saharan Africa where there is lack of a well-organized infrastructure to provide service and
care (Asante, 2007). Current HIV testing strategies in this sub-region constitute both facilitybased and community-based approaches. Facility-based testing are usually part of the general
and specific health care services such as clinics, hospitals and maternal and child health services.
Community-based approaches focus on testing in different settings that include workplaces and
educational facilities and other targeted events and utilizing testing campaigns, through mobile
voluntary counseling and testing (VCT) services, and in people’s homes
(WHO/UNAIDS/UNICEF 2011; WHO 2012).
A 2010 assessment report indicated that there were 82 tests per 1000 people performed in
sub-Saharan Africa (WHO/UNAIDS/UNICEF, 2011). The authors of the report also stated that
45 million people aged 15–49 years old received HIV testing and counseling in the past year and
were informed of the results. In addition, between 2009 and 2010, while there was nearly a 10%
increase (52% to 61%) in estimated number of pregnant women who received HIV testing in
eastern and southern Africa, and nearly two-thirds of pregnant women did not know their status
(WHO/UNAIDS/UNICEF, 2011). However, these estimates do not address individual,
community and country-level factors that are associated with screening for HIV and receipt of
HIV test results. The development and implementation of effective policy and intervention for
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prevention requires a comprehensive understanding of these individual and contextual level
factors that influence women’s utilization of screening services.
Previous studies that examined utilization of HIV screening and receipt of test results
among women in sub-Saharan Africa have focused on small community or health facility-based
programs and on specific high-risk groups. Population level studies examining factors associated
with utilization of HIV screening among women of childbearing age in general and among
pregnant women in particular are lacking. Previous studies focused primarily on uptake and
acceptability of HIV screening in different clinical settings (Daniel & Oladapo, 2006; Worku &
Enquselassie, 2007; Collier et al., 2007; Morin et al., 2006; Wringe et al., 2008). As such, these
studies have limited generalizability to the population. Unlike health facility-based surveillance
techniques, population-based HIV surveillance allows direct estimation of the prevalence and
distribution of HIV testing in the population. To date, few studies have examined population
level patterns of utilization of HIV screening using nationally representative data in sub-Saharan
Africa, with a primary focus on cross-country comparisons of the prevalence of HIV testing
(Hall 2010; Cremin, 2012; Staveteig et al; 2013).
The present study aimed to explore how individual, community and country related
factors influence screening for HIV among women in sub-Saharan Africa using pooled data from
25 countries collected in the period from 2006 to 2012. Considering the benefit of HIV screening
in abating the HIV epidemic and in reducing MTCT of HIV, results of this study can inform
policy-makers in developing effective HIV screening programs and equitable access to screening
services.
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2.2. Methods
Data
The study utilizes data from the Demographic and Health Surveys (DHS) and the AIDS
Indicator Surveys (AIS) conducted from 2006 through 2012 in 25 sub-Saharan African countries.
The study design and methodology of the DHS and AIS are available in detail elsewhere (DHS,
2013). In brief, these surveys are conducted by the Monitoring and Evaluation to Assess and Use
Results Demographic and Health Surveys (MEASURE DHS). These are nationally
representative surveys designed to monitor the health and dietary status of noninstitutionalized
civilian populations in developing countries. MEASURE DHS is implemented by ICF
International and is mainly funded by the United States Agency for International Development.
Other donors of this program include United Nations Children's Fund (UNICEF), United Nations
Population Fund (UNFPA), World Health Organization (WHO), and the Joint United
Nations Program on HIV and AIDS (UNAIDS). Methods employed in the data collection
included: face-to face interviews using a pre-tested and validated questionnaire; clinical, physical
and laboratory examinations. For the purposes of accurately representing these populations, DHS
and AIS surveys were collected using a multi-stage stratified probability sampling technique.
Selection was based on strata, cluster, households and individuals within households. In some
countries, HIV testing and testing for other nutritional deficiencies were conducted among the
participants who consented to be tested. The use of standardized questionnaire in each country
makes DHS and AIS data suitable to generate estimates based on pooled data.
DHS and AIS data have a pre-calculated weighting factor that is used to adjust for nonresponse
and to ensure representativeness. However, the standard weighting factor is not valid for pooled
data from different surveys. Following the recommendation from MEASURE DHS, in this paper
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the standard weights were de-normalized to account for variation in the number of women
sampled in each country. This process involves multiplication of the standard weight by an
additional adjustment factor (t/ts) to obtain wt*(t/ts), where wt is the standard weight, t is the total
number of females aged 15-49 years in the country at the time of the survey, and ts is the number
of women aged 15-49 interviewed in the survey. Both standard weight and the number of women
aged 15-49 interviewed in the survey are provided in DHS and AIS. The estimated number of
total males and females aged 15-49 in the country at the time of the survey were derived from the
United Nations World Population Prospects (http://esa.un.org/wpp/).
The present study sample consisted of 260,987 DHS and AIS women of childbearing age
(15-49 years) who were interviewed between 2006 and 2012 in sub-Saharan Africa. Participants
who reported having been tested but who had not received test results were excluded (n=5,938).
The final sample consisted of 255,048 participants from 25 countries.
Ethics statement
This study is based on an analysis of de-identified secondary data using a standard
protocol developed by the DHS program. The survey was approved by the Institutional Review
Board of ICF Macro in Calverton, Maryland, USA, and other country-specific ethics-related
committees. Before participating in the survey, participants gave informed consent and all
information was collected confidentially. Approval for the current study was also obtained from
the Institutional Review Board of the academic institution of the researchers.
Outcome variable: Tested for HIV and received test results
Study participants were asked about their experiences with HIV testing in DHS and AIS.
They were asked, “I don’t want to know the results, but have you ever been tested to see if you
have the AIDS virus?” and those who respond “yes” to this question were asked, “How many
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months ago was your most recent test,” and “I don’t want to know the results, but did you get
the results of the test?” Using these questions MEASURE DHS provides two basic outcome
indicators on HIV testing, ever tested and received results, and received results of the last HIV
test. It is to be noted that this variable does not include participants’ willingness to participate in
the HIV testing during DHS and AIS surveys. In this context, HIV refers to self-reported
participation in HIV testing and receiving the results before being selected for an interview in the
DHS or AIS.
Independent Variables
The World Health Organization’s Commission for Social Determinants of Health
(CSDH) conceptual framework was used to guide selection of independent variables for analysis
(Figure 1).To date, the relative contribution of social determinants of health to testing for HIV in
a large population-based study has not been evaluated. Drawing substantially on the
contributions of Solar and Irwin (2007), the commission developed a conceptual framework to
describe relationships among individual and structural variables that collectively influence health
outcomes. The framework is now widely used in the development of targeted interventions on
social determinants of health (CSDH, 2008). In this study individual, community and countrylevel variables were examined. The decision to select variables was based on availability across
the various datasets to ensure the largest possible sample size.
The individual level factors were categorized and included: age at the time of interview
(15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49); marital status (never married, marriedmonogamous, married-polygamous, widowed, divorced or separated); parity (none, one, two or
more); education (no education, primary, secondary or higher); household wealth index (poorest,
poorer, middle, richer, richest); employment status at the time of interview (no, yes); place of
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residence (rural, urban); media exposure (low, moderate, high); HIV/AIDS awareness (low,
moderate, high); HIV/AIDS stigma (low, high); age at first marriage (never married, < 16, 16-17,
18-19, ≥20); age at first sex (never had sex, < 16, 16-17, 18-19, ≥20); premarital sex (no, yes);
risky sexual behavior (no, yes). Having multiple sex partners refers to having more than one sex
partner in the past 12 months. Risky sexual behavior is defined as having last sex with nonspousal partner without using condom.
In the standard DHS and AIS, household wealth index was calculated based on the data
from the household’s ownership of consumer goods, dwelling characteristics, source of drinking
water, toilet facilities, and other characteristics that relate to a household’s socioeconomic status.
The method applied in the calculation of wealth index in DHS and AIS can be found elsewhere
(Rutstein & Johnson, 2004). In short, this index was constructed by assigning each of these assets
a factor score generated through principal component analysis. These scores were then
standardized in relation to a standard normal distribution with a mean of zero and a standard
deviation of one and total score of the household were used to rank individuals based on the
household they resided. Finally, the scores were converted into quintiles from one (poorest) to
five (richest). In the current study, a similar procedure for creating wealth index was used to
create exposure to media, HIV awareness and HIV/AIDS stigma variables. In the standard DHS
and AIS, participants were asked about the frequency that they read newspaper or magazine,
listen to the radio, and watch television. Three questions were used to assess the level of
HIV/AIDS stigma. Participants were asked if they are willing to care for a relative with AIDS, if
a teacher infected with HIV, but is not sick, should be allowed to continue teaching, and if they
would buy vegetables from a vendor with HIV. Awareness of HIV/AIDS was based on an
established and widely used measure where each woman was asked whether or not she agreed or
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disagreed with the following statements: 1) HIV can be prevented by using condoms every time
you have sexual intercourse; 2) HIV can be prevented by limiting intercourse to one uninfected
partner; 3) it is possible for a healthy-looking person to have the AIDS virus; 4) the AIDS virus
can be transmitted from mosquito bites; 5) a person can get HIV by sharing food with a person
who has AIDS; 6) a person can get the AIDS virus because of witchcraft or other supernatural
means; 7) the virus that causes AIDS can be transmitted from a mother to her baby during
pregnancy; 8) the virus that causes AIDS can be transmitted from a mother to her baby during
delivery; 9) the virus that causes AIDS can be transmitted from a mother to her baby by
breastfeeding.
Community level factors were directly calculated from DHS and AIS data and include
community level poverty measured as the proportion of individuals living in poor households in
the community; community level education measured as the proportion of individuals with less
than high school education in the community and low community media exposure measured as
the proportion of individuals with low media exposure in the community. Country-level
variables were derived from World Bank’s World Development Indicators and include: national
income measured as per capita gross domestic product (GDP) adjusted for purchasing power
parity, based on the United Nations Development Program estimates. This refers to the sum of
gross value added by all resident producers in the economy plus any product taxes and minus any
subsidies not included in the value of the products, expressed in international dollars using
purchasing power parity rates and divided by total population during the same period;
expenditure on public health (% of GDP) (%): calculated based on current and capital spending
from central and local government budgets, external borrowings and grants (including donations

20

from international agencies and nongovernmental organizations), and social (or compulsory)
health insurance funds, expressed as a percentage of GDP (World Bank, 2012a).
Statistical Analyses
Median and interquartile ranges were used to describe continuous variables. Frequencies
and proportions were used to describe categorical covariates in relation to the outcome variables
of having been tested and receiving test results. Rao-Scott chi-square was used to test for
relationships between the status of testing and each of the covariates. As recommended, pooled
sample weights that account for the unequal probabilities of selection, oversampling,
nonresponse, country-level variability in population and complex survey design were
incorporated in all analyses. Regression diagnostics were utilized to identify potential
collinearity. Three level multi-level logistic regression models were fitted to compute the fixed
effect odds ratios (OR) and 95% confidence interval (CI) of HIV testing and receipt of test
results. Four nested models at level 1, level 2, level 3 and level 4 were constructed. Model 1
constitutes an empty model without any covariate variables. This model was specified to
decompose the variance between community and country-levels. Model 2 represents individual
level covariates and the relationships among the individual level variables; Model 3 models
contain community-level variables and model 4 includes explanatory variables at the individual,
community and country-levels. Intra-cluster correlation (ICC) was used to measure community
and country-level random effects. The linear threshold model formula was used to compute the
ICC (Snijders & Bosker, 1999). Descriptive analyses were conducted using SAS 9.3 (SAS
Institute Inc., Cary, North Carolina) and multilevel regression estimates were computed using
MLwiN 2.30 (Rasbash et al., 2008).
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2.3 Results
Table 2.1 presents the countries selected for this study, the year data collection was
implemented, the total sample size for the study and number of regions sampled per country.
The study utilized DHS and AIS surveys that were conducted between 2006 and 2012 for which
HIV testing data are available. A total of 200,968 women were interviewed in 25 sub-Saharan
African countries. The median number of women interviewed per country was 9,513; the
minimum was 2,615 in Sao Tome and Principe and the maximum was 23,020 in Malawi. The
median number of communities per country from which participants were selected for an
interview was 376; the minimum was 104 and the maximum was 916. The minimum number of
respondents per community was 10 and the maximum was 36.
Descriptive statistics for the final pooled sample are shown in table 2.2. A greater
proportion of the participants aged 15-19 years (21%). Most respondents were married
monogamously (53%), and had two or more children (47%). Some participants were pregnant at
the time of the survey (9%). A greater proportion of the participants had a primary level
education (42%), and were employed at the time of the interview (58%). Most of the
participants lived in rural areas (68%). However, greater proportion of participants had low
stigma towards people living with HIV/AIDS (65%). Among those who were married, age at
first marriage was evenly distributed. A slightly higher proportion of participants had their sexual
debut when they were less than 16 years old (32% overall and 36% among those who ever had
sex). Fewer proportions of participants reported premarital sex (23%), multiple sex partners
(2.3%) and risky sexual behavior (7.3%).
At the community level, the median proportion of women living in communities with less
than high school education was 85%. The median proportion of women residing in communities
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with poor households was 32%. The median proportion of participants in the community with
low media exposure was about 30%.
At the country-level, the median GDP per capita (2005 PPP) was 978 USD and median
expenditure on public health (% of GDP) was 2.40%.
Table 2.3 displays association between each covariate and the outcome variable. With the
exception of women’s participation in risky sexual behavior, each individual-level covariate was
significantly associated with HIV testing and receipt of test results. Compared to women who
have not been tested, women who were tested and who received test results resided in
communities that have lower proportions of women with less than high school education, lower
proportion of women with poor household wealth, and lower proportion of women with poor
media exposure. The median GDP per capita of countries among women who have been tested
and received test results is higher than those who have not been tested.
Results of fixed-effect and random-effect measures from multilevel analysis are shown in
table 2.4. Model 1 showed that there is variation in the likelihood of testing and receiving test
results across communities and countries were significant. Examination of the ICC reveals that
that about 43% and 34% of the total variation in HIV testing and receiving test results are
attributable to community and country-level differences, respectively. Model 2 takes into
account individual level characteristics and in this model, 37% and 29% of the total unexplained
variation in the odds of HIV testing and receiving test results is attributable to unobserved
community and country-level factors, respectively. This proportion slightly reduces to 36% and
28% once community level factors are adjusted in Model 3. Including country-level factors in
model 4 further reduced the total unexplained variation to 30% and 22% at community and
country-levels. Even after adjustment for individual, community and country-level factors the
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community and country-level variance in the odds of testing for HIV and receiving test results
remains large indicating that that the odds of testing for HIV and receiving test results varied
noticeably across communities and countries. This evidence suggests the use of multilevel
modeling that accounts for community and country variations is appropriate.
Table 2.4 also shows results of fitting the multilevel model including individual-level,
community level, and country-level factors. In the final model, younger women were more likely
to report HIV testing and receiving test results compared to women aged 45-49 years. Compared
to never married women, women who were married or who had been married were more likely
to report HIV testing and receiving test results. Higher parity was associated with higher
likelihood of HIV testing compared to nulliparity. The odds of HIV testing and receiving test
results reduced with decreasing education and decreasing household wealth status. Compared
with respondents who were unemployed, respondents who were employed were more likely to
have reported HIV testing (Adjusted Odds Ratio, aOR =1.10; 95% CI 1.03, 1.18). Respondents
residing in rural area were less likely to have reported HIV testing than those from urban
counterparts (aOR=0.79; 95% CI 0.69, 0.90).Compared to women with low media exposure, the
likelihood of HIV testing is higher for women with moderate and high media exposure.
Compared to women with low enacted HIV/AIDS stigma, the odds of HIV testing and receipt of
test results was lower for women with high enacted HIV/AIDS stigma (aOR=0.77; 95% CI 0.72,
0.81). A each one-unit increase in a country's expenditure on public health (% of GDP)
increased the odds of testing and receipt of test results by 48% (aOR=1.48; 95% CI 1.19 to 1.83).
A positive association was found between HIV testing and receipt of test results and a country's
GDP per capita adjusted for purchasing power parity.
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2.4 Discussion
The principal finding of the current study was that several individual, community and
country-level factors were associated with HIV testing and receipt of test results among women
in sub-Saharan Africa, thereby demonstrating the importance of examining population-based
multilevel factors. Specifically, individual level characteristics including age, marital status,
parity, place of residence, education, and household wealth index, employment, media exposure,
and HIV/AIDS stigma, age at first sex, premarital sex, and risky sexual behavior were
significantly associated with HIV testing and receipt of test results. Similarly, community and
country-level variables were significantly associated with testing for HIV and receipt of test
results.
Current literature on the association between marital status and HIV testing is
inconclusive. The finding observed in the current study is consistent with previous studies that
married women are more likely to be tested than unmarried women (Demssie et al., 2009), as
opposed to the other researchers who have found otherwise (Fabiani et.al, 2007; Westheimer,
2004). Future research should focus on the mechanisms of how women of different marital status
decide to be tested to determine the relationship between women’s autonomy in household
decision-making and their participation in HIV testing. Unfortunately, these variables were not
collected in the five countries included in the current study and therefore were not captured in the
analysis.
Our finding of the association between younger age, particularly women in their twenties
and thirties, and HIV testing and receipt of test results is not surprising. These findings could
partly be explained by variation in the laws and policies for the age of consent for seeking
medical care including testing for HIV across different countries. For example, age of consent
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for HIV testing and counseling varies from 12 years in Lesotho and Uganda to 18 in Burkina
Faso, Cameroon, Cote d’Ivoire, Sierra Leone and Tanzania (Fox et al., 2013). In other countries
such as Rwanda reproductive health services are accessible without any age restriction including
consent from parents or guardians (UNFPA, IPPF, and The Global Coalition on Women and
AIDS 2008b). The low prevalence of testing among older adults in sub-Saharan Africa has been
found previously (Negin et.al. 2012). Possible explanations include lack of awareness of
HIV/AIDS, and higher level of HIV/AIDS stigma among older population (Negin et.al. 2012).
The association between higher levels of stigma and reduced odds of HIV testing and
receipt of test results can partly be explained by the fear and potential discrimination that women
anticipate from co-workers, family members, partners, due to their HIV status. Previous studies
have found that such anticipation of negative consequences often force women to refuse HIV
testing during antenatal care visit (Kilewo et al. 2001) and avoid antenatal care visits (Painter et
al., 2011; Turan et al., 2008). Studies in Kenya and other sub-Saharan African countries have
shown that stigma plays an important role in pregnant women’s refusal of HIV testing (Larsson
et al., 2009; Stringer et. al, 2008). Overall, this evidence suggests the need to understand
women’s lack of participation in HIV testing and develop interventions that will encourage
women to be screened for HIV while ensuring confidentiality.
The association between HIV testing and receipt of test results and parity can be
explained by the availability of HIV testing during antenatal care visit. Many countries in subSaharan Africa have implemented provider-initiated, opt-out HIV counseling and testing during
antenatal care visit (WHO and UNAIDS 2007). This approach has increased the proportion of
women tested, especially during pregnancy (Dehal et.al, 2008; Mugore et. al.; 2008). Some
studies have found that women with a greater number of children had a higher likelihood of HIV

26

testing (Matovu et al. 2005; Venkatesh et al., 2011). However, other studies have shown that
women who had at least two live births are more likely to refuse testing compared to first time
pregnant women (Fanta & Worku, 2012). A possible explanation for refusal suggested by
previous research is fear and insecurity of partner abandonment because of HIV status (Charles
et al. 2006; Haddis & Jerene, 2006; Fanta &Worku, 2012).
Some education was also associated with uptake of HIV testing and receipt of test results.
Primarily, education improves information exposure and awareness of HIV/AIDS, the
importance of testing, and knowledge regarding testing locations. Studies have shown that
having education is associated with improved access to antenatal care and other health care
services (Nwogu, 2009; Ibor, 2011). Studies have shown that the higher the level of school
education, the more there is access to information and adoption of protective lifestyle and
behavior (Geregson 2004; Buve 2002; Ramjee & Daniels, 2013).
The association between increasing household wealth index wealth index and HIV testing
and receipt of test results support previous findings (Gage & Ali, 2005; Cremin et al. 2009;
Mitchell; 2010). This evidence is extremely important considering recent findings that identified
involvement in risky sexual behavior among wealthy segments of the population in developing
countries (Awusabo-Asare and Annim, 2008; Mishra et al, 2007), which can be used to inform
strategies and approaches to prevention, education, and care. One possible explanation is that
because of their access to information and other resources, wealthy individuals are placed in a
better position to utilize HIV testing as a way to mitigate personal risk of HIV infection. The
current finding of the association between employment and testing for HIV and receipt of test
results is an indicator that economically productive women are more likely to seek care
(Demissie et al., 2009). Employment can empower women to have better access to healthcare
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services. In this context, employment can create opportunities to interact with other individuals
and to participate in workplace-based HIV testing and other peer education programs
(Houdmont, Munir, & Grey, 2013; Elisabeth et.al 2007; Richter et al., 2012).
The current finding of decreased odds of HIV testing and receipt of test results among
rural residents compared to their urban counterparts is attributable to a number of factors.
Previous studies have noted the lack of information, access to care, and other resources
associated with residing in rural areas. For example, a study on risk and protection among youth
in sub-Saharan Africa found that individuals residing in rural areas do not know where to obtain
condoms (Bankole et al., 2007). Recent study of pregnant women in rural Kenya found that
anticipation of stigma from friends and family members is a barrier to acceptance of HIV testing
(Turan et al., 2011). This evidence suggests the need for the development of targeted
intervention to address the needs of specific groups of populations. The association between
higher level of stigma and reduced odds of HIV testing and receipt of HIV test results can partly
be explained by fear and potential discrimination that women anticipate from co-workers, family
members, partners, due to their HIV status. Previous studies have found that such anticipation of
negative consequences often force women to refuse HIV testing during antenatal care visit
(Kilewo et al. 2001) and avoid antenatal care visits (Painter et al., 2011; Turan et al., 2008).
Studies in Kenya and other sub-Saharan African countries have shown that stigma plays an
important role in pregnant women’s refusal of HIV testing (Larsson et al., 2009; Stringer et. al,
2008) Overall, this evidence suggest the need to understand women’s lack of participation in
HIV testing and develop interventions that will encourage women to be screened for HIV.
The association between greater media exposure and HIV testing and receipt of test
results is not unique to this study. Over the past three decades, mass media has been utilized as a
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method to increase awareness, provide information, promote healthy behaviors such as condom
use, improve attitudes and minimize stigma and discrimination of HIV/AIDS (Singhal & Rogers,
2003). Utilizing media, many countries have reduced the rate of new HIV infections (UNAIDS,
2004b). In order to gauge the effectiveness of media exposure in improving uptake of HIV
testing, critical examination of the nature and content of media campaigns in each country is
needed. Unfortunately, these variables are not collected in standard DHS and AIS surveys.
Nonetheless, the current evidence is an indication that providing information is an important
platform for potential intervention. In the current study, the finding that may relate to media
exposure is the association between increasing HIV/AIDS awareness and HIV testing and receipt
of test results. Previous studies have found a significant association between sufficient
knowledge on HIV/AIDS, and HIV testing (Demissie et al., 2009; Westheimer, 2004). It has
been noted previously that women who had frequent conversations about HIV and women who
heard of antiretroviral treatment (ART) had greater acceptance of HIV testing (Hendriksen et. al
2009; Warwick, 2006).
Women who were involved in risky sexual behavior, defined as having last sex with nonspousal partner without using condom, were more likely to report testing for HIV and receiving
test results. This finding is consistent with other studies in sub-Saharan Africa (Ryder et al.,
2005; Matambo et al., 2006; Matovu et al., 2007). This finding is important considering the
findings from recent surveys in several countries in sub-Saharan Africa that found decreases in
condom use and/or an increase in the number of sexual partners (UNAIDS 2013). This evidence
is an indication of the need to develop targeted counseling programs in conjunction with HIV
testing. The finding that non-sexually active women were less likely to get tested and received
test results compared to women whose sexual experience starts as early as less than 16 years of
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age is not surprising. Women who are not sexually active may not value the importance of HIV
testing as sexually active women. More effort is needed to encourage women who may soon
become at risk especially in countries with generalized epidemics. The finding of increasing odds
of HIV testing and receipt of test results for DHS and AIS surveys conducted in the 2009-2011
period compared to the 2006-2009 period was not surprising. Over the past few years, there has
been a continuous increase in the number of women screened for HIV in sub-Saharan Africa.
Such an increase is also an indication of expansions in HIV/AIDS programs and health facilities
providing HIV testing and counseling (WHO, 2013).
In the current study, the multilevel random intercept models allowed us to shed some
light into individual, community, and country-level variations in HIV testing and receipt of test
results. Although the community level variables adjusted in the multivariable-adjusted models
did not reach conventional levels of statistical significance, the relatively higher proportion of
community level random variance provides evidence that community level factors influence
patterns of HIV testing in sub-Saharan Africa. This may partly be explained by the shared
sociocultural preference and experience that people living in the same area face as a group in
communities they reside (Andrulis & Brach, 2007; Singleton & Krause, 2009). The increasing
likelihood of HIV testing with increasing GDP per capita and increasing proportion expenditure
on public health (% of GDP) is an indication that country-level socioeconomic status influences
patterns of HIV testing (Larose et al., 2011). Overall, the country and community level variances
suggest that these factors play an important role in shaping patterns of HIV testing behaviors.
This evidence also suggests the need to incorporate broad community and population level
interventions aiming at improving the uptake of HIV testing and receipt of test results.
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A major strength of the current study was the large representative population-based
sample with high response rates. This allows generalizability and representativeness of these
findings. Previous studies examining patterns of HIV testing in sub-Saharan Africa have often
relied on health facility-based populations, which may not represent the general female
population and may have a selection bias. This study also has a number of limitations. Primarily,
data were collected based on self-report, which may increase the risk of under-reporting and/or
over-reporting of participation in HIV testing and receipt of test results. In addition, information
on important variables such as perceived risk of HIV infection were not captured in the standard
DHS and AIS data. The cross-sectional design of the current study precludes causal or temporal
inferences from the associations observed. Some sensitive questions such as involvement in
premarital sex, risky sexual behavior and having multiple sex partners have the potential for
misreporting due to social desirability and recall bias, especially when asked in a face-to-face
interviews, although DHS and AIS surveys are confidential and no identifiable personal
information was collected.

Conclusions
In conclusion, the current study attempted to shed light on individual, community and
country-level factors that are associated with utilization of HIV testing and receipt of test results
among women in sub-Saharan Africa. Characteristics of individuals who are less likely to utilize
these services are those who were older, unmarried, who were nulliparous, who had no
education, who lived in the poorest households, who were unemployed, lived in rural areas, had
low exposure to media, had low awareness about HIV/AIDS, and who stigmatized people living
with HIV/AIDS. Other individual characteristics such as no sexual experience, no involvement
in premarital sex, and risky sexual behavior were found to contribute to lack of utilization of
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HIV testing and receipt of test results. From a public health point of view, this evidence suggests
that individuals who are at risk are more likely to use HIV testing. However, more effort is
needed to improve uptake of HIV testing among rural and marginalized population. Current
efforts to improve HIV testing among women especially in antenatal care settings in most of
these sub-Saharan African countries are encouraging. Allocating resources to develop and
implement strategies that effectively reach women of childbearing age in both clinical and nonclinical settings, especially those who exhibit the characteristics identified as at risk in the
current study, can play a significant role in reducing new HIV infection among women. Future
studies need to explore whether factors that were identified in the current study also influence
utilization of HIV testing and receipt of test results among men along with utilization patterns
among couples. Studies should also examine the mechanisms by which other factors such as
perceived risk and perceived susceptibility, unmeasured in DHS and AIS, affect participation in
HIV testing and receipt of test results.
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Chapter 3
A multi-level analysis of socio-demographic and behavioral characteristics associated with
HIV seropositivity among women in sub-Saharan Africa
Abstract
Objectives: In sub-Saharan Africa, women are disproportionately affected by the HIV/AIDS
epidemic. The main purpose of this study is to examine individual, community and country-level
factors associated with testing HIV positive among women of childbearing age in sub-Saharan
Africa.
Method: This study constitutes a cross-sectional examination of 155,356 women who
participated in the HIV testing during the Demographic and Health Survey and AIDS Indicator
Survey between 2006 and 2012 in 25 sub-Saharan African countries. Multilevel logistic
regression was utilized to assess the association between measured individual and community
and country-level factors and HIV seropositivity.
Results: The overall prevalence of HIV seropositivity among women of childbearing age in subSaharan Africa was 5.5%. In the multivariable-adjusted model, factors that include age, marital
status, parity, and pregnancy status, type of residence, stigma, and age at first sex, involvement
in premarital sex and having multiple partners were significantly associated with higher odds of
testing HIV positive.
Conclusion: Individual level factors were predictors of HIV seropositivity in sub-Saharan
Africa. Reducing HIV infection among women in this sub-region requires a concerted effort that
includes identification of individual characteristics and high-risk groups as well as behavior
change programs that address the cultural and individual needs of the target population.
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3.1 Introduction
HIV/AIDS is one of the world’s most serious health plights and challenges the
development and economic growth of many low to middle-income countries in the world
(UNAIDS 2012). Since the initial identification of the disease in 1981, AIDS has resulted in the
death of more than 25 million people (UNAIDS, 2011, 2013). Authors of recent reports on HIV
and AIDS indicate that about 33.4 million people are living with HIV/AIDS (UNAIDS, 2011,
2013; WHO, UNAIDS, UNICEF report, 2011). In 2010 the estimated new infection rate was
approximately 1.9 million people per year (WHO, UNAIDS, UNICEF report, 2011), an increase
to approximately 2.3 million people in 2012, or more than 6000 new infections per day
(UNAIDS, 2012). While the disease affects people in all parts of the world, studies show that
about 97% of those affected by the disease live in low to middle income countries, and subSaharan African countries are placed at the core of the pandemic (Musheke et al., 2013;
UNAIDS, 2011; MacPhail et al., 2009). Recent UNAIDS estimates on global HIV/AIDS
statistics reveals that sub-Saharan Africa contains about 71% of people living with HIV (1 in
every 20 adults) (UNAIDS, 2013). Most countries in this sub-region have HIV/AIDS prevalence
of at least 1% (UNAIDS, 2011, 2012, 2013). Women living with HIV constitute 49% of all
adults living with HIV (UNAIDS, 2012) and approximately 61% of HIV infected women live in
sub-Saharan Africa (Karim et al, 2010). In 2012, an estimated 4.7% women 15-49 years in subSaharan Africa were infected with HIV (UNAIDS, 2013).
There are various complex factors associated with the higher rate of HIV infection among
women. Whereas women in Europe, Latin America and North America experience higher risk of
HIV infection through drug use and subsequent partner infection, women in sub-Saharan
experience higher risk through heterosexual contact (Rombo, 2009). Studies show that
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transmission of the HIV infection via vaginal intercourse is largely influenced by the physiology
that exposes women to increased bodily fluid exchange during sexual intercourse when
compared to men (Karim, 2010; Rombo, 2009). Various studies have demonstrated that
heterosexual transmission and the transmission efficiency from men to women increases by
approximately 8-fold as compared to transmission from women to men (Padian et al., 1997;
Pettifor et al., 2004; Hladik & McElrath, 2008; Karim et al., 2010). In addition to the biological
factors, in sub-Saharan Africa other factors such as poverty, power balance between men and
women, gender based violence, poor access to sexual and reproductive health services, and other
sociocultural factors place women at greater risk for HIV infection (Gray et al., 2001; Karim et
al., 2010; Quinn et al., 2000; Wawer et al., 2005).
Currently, numerous efforts are underway across the region aimed at providing effective
prevention and treatment strategies such as: HIV testing; male circumcision; blood supply safety;
harm reduction for injecting drug users; provision of Pre-Exposure antiretroviral Prophylaxis
(PrEP) and Anti-Retroviral Therapy (ART). Each of these efforts has the potential to reduce the
risks of HIV transmissions and HIV/AIDS related deaths. In many countries of this sub-region,
HIV prevention is one of the top priorities. In order to develop a comprehensive intervention for
prevention it is necessary to understand the socio-demographic, behavioral, biomedical factors
that are associated with the risk of infection. Numerous studies that examined HIV infection
among women in sub-Saharan Africa used small, community or health facility based approaches
that may have limited generalizability to the population (Ramjee and Daniels, 2013; Karim,
2010; Stockl et al., 2012; Pettifor et al., 2008; Ncube, 2009; Nwoye, 2007; Humphreys et al.,
2007). These studies have focused primarily on identification of individual level demographic,
biological, socioeconomic and behavioral risk factors for HIV infection.
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There is currently a dearth of literature examining factors associated with HIV infection
among women of childbearing age using population level data. Compared to community or
health facility-based surveillance techniques, population-based HIV surveillance allows direct
estimation of the factors associated with HIV infection in the population. To date, few studies
have attempted to examine factors associated with HIV infection using nationally representative
data in sub-Saharan Africa (Bärnighausen et al. 2007; Magadi, 2011; Magadi & Desta 2011).
The study by Bärnighausen et al. (2007) focused primarily on only socioeconomic determinants
of HIV incidence in rural South Africa. On the other hand, Magadi and Desta (2011) examined
cross-national variations and gender disparities in the risk of HIV seropositivity using data
collected during 2003-2008. The primary objective in the present study is to examine the
association between individual, community and country related factors and HIV infection among
women in sub-Saharan Africa using the most recent Demographic and Health Survey and AIDS
Indicator Survey data from 25 countries collected between 2006 and 2012.
3.2 Methods
Data
Data for the study were obtained from the Demographic and Health Surveys (DHS) and
AIDS Indicator Surveys (AIS) for 25 sub-Saharan African countries. The study design and
methodology of the DHS and AIS are available in detail elsewhere (DHS, 2013). These studies
are conducted by the Monitoring and Evaluation to Assess and Use Results Demographic and
Health Surveys (MEASURE DHS). The DHS and AIS are nationally representative surveys
designed to monitor the health and dietary status of non-institutionalized civilian populations in
developing countries. MEASURE DHS is implemented by ICF International and is mainly
funded by the United States Agency for International Development. Other donors of this
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program include United Nations Children's Fund (UNICEF), United Nations Population Fund
(UNFPA), World Health Organization (WHO), and the Joint United Nations Program on HIV
and AIDS (UNAIDS). Data collection methods utilized by DHS and AIS include face-to face
interview using a pre-tested and validated questionnaire, clinical, physical and laboratory
examinations. At the end of each interview, blood samples were collected by interviewers for
laboratory testing of HIV from all women age 15-49 years who consented to the test. MEASURE
DHS has developed a standardized protocol for the blood specimen collection. Details of the
analytical procedures involved in the DHS and AIS HIV testing are published elsewhere
(MEASURE DHS, 2014). To ensure accurate representation of populations, DHS and AIS
surveys are collected using a multi-stage stratified probability sampling technique. Selection is
based on strata, cluster, households and individuals within households. The use of standardized
questionnaire in each country makes DHS and AIS data suitable to generate estimates based on
pooled data.
DHS and AIS data have pre-calculated weighting factor that is used to adjust for nonresponse ensure representativeness. However, the standard weighting factor is not valid for
pooled data from multiple countries. Following the recommendation from MEASURE DHS, in
this paper the standard weight were de-normalized to account for variation in the number of
women tested for HIV in each country. This process involves multiplication of the standard HIV
weight by additional adjustment factor given by (t/HIVt) to obtain HIVwt*(t/HIVt), where
HIVwt is the standard HIV weight, t is the total males and females aged 15-49 in the country at
the time of the survey and HIVt is the total number of males and females aged 15-49 tested for
HIV in the survey. Both standard HIV weight and the number of women aged 15-49 tested for
HIV in the survey are provided in DHS and AIS. In this paper, estimated number of total males
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and females aged 15-49 in the country at the time of the survey were derived from the United
Nations World Population Prospects (http://esa.un.org/wpp/).
The present study sample consisted of 155,386 DHS and AIS women age 15-49 years
who were interviewed and consented for HIV testing between 2006 and 2012 in sub-Saharan
Africa. We excluded 28 cases whose HIV test result could not be determined. The final study
sample constitutes 155,356 participants from 25 countries.
Outcome variable: HIV test result
The primary outcome of interest in the study was the women's test results derived from
confirmatory HIV testing. This variable was categorized into two groups, women who were HIV
seropositive and those who were HIV seronegative.
Independent Variables
The World Health Organization’s (WHO) Commission for Social Determinants of Health
(CSDH) conceptual framework was used to guide selection of independent variables for analysis.
To date, the relative contribution of social determinants of health to testing for HIV in a large
population-based study has not been evaluated. Drawing substantially on the contributions of
Solar and Irwin (2007), the commission developed a conceptual framework to describe
relationships among individual and structural variables that determine health outcomes. The
framework is now widely used in the development of targeted interventions on social
determinants of health (CSDH, 2008). In this study individual, community and country-level
variables were examined.
The individual level factors include age at the time of interview (15-19, 20-24, 25-29, 3034, 35-39, 40-44, 45-49); marital status (never married, married-monogamous, marriedpolygamous, widowed, divorced or separated); parity (none, one, two or more); pregnancy status
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(no, yes); education (no education, primary, secondary or higher); household wealth index
(poorest, poorer, middle, richer, richest); employment status at the time of interview (no, yes);
place of residence (rural, urban); media exposure (low, moderate, high); HIV/AIDS awareness
(low, moderate, high); HIV/AIDS stigma (low, high); age at first marriage (never married, < 16,
16-17, 18-19, ≥20); age at first sex (never had sex, < 16, 16-17, 18-19, ≥20); premarital sex (no,
yes); risky sexual behavior (no, yes).
In the standard DHS and AIS household wealth index is calculated is based on the data
from the household’s ownership of consumer goods; dwelling characteristics; type of drinking
water source; toilet facilities; and other characteristics that relate to a household’s socioeconomic
status. Method applied in the calculation of wealth index in DHS and AIS can be found
elsewhere (Rutstein & Johnson, 2004). In short, this index is constructed by assigning each of
these assets a factor score generated through principal component analysis. These scores are then
standardized in relation to a standard normal distribution with a mean of zero and a standard
deviation of one and total score of the household were used to rank individuals based on the
household they resided. Finally, the scores were converted into quintiles from one (poorest) to
five (richest). In the current study, a similar procedure for creating wealth index was used to
create exposure to media, HIV awareness and HIV/AIDS stigma variables. In the standard DHS
and AIS participants were asked about the frequency that they: read newspaper or magazine,
listen to the radio, and watch television. Three questions were used to assess the level of
HIV/AIDS stigma. Participants were asked if they are willing to care for relative with AIDS; if a
teacher infected with HIV, but is not sick, should be allowed to continue teaching; if they would
buy vegetables from vendor with HIV. HIV/AIDS awareness was measured using is based on an
established and widely used measure where each woman was asked whether or not she agreed or
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disagreed with the following statements: 1) HIV can be prevented by using condoms every time
you have sexual intercourse; 2) HIV can be prevented by limiting intercourse to one uninfected
partner; 3) it is possible for a healthy-looking person to have the AIDS virus; 4) the AIDS virus
can be transmitted from mosquito bites; 5) a person can get HIV by sharing food with a person
who has AIDS; 6) a person can get the AIDS virus because of witchcraft or other supernatural
means; 7) the virus that causes AIDS can be transmitted from a mother to her baby during
pregnancy; 8) the virus that causes AIDS can be transmitted from a mother to her baby during
delivery; 9) the virus that causes AIDS can be transmitted from a mother to her baby by
breastfeeding.
Community level factors were directly calculated from DHS and AIS data. In this
context, communities are geographically defined by the primary sampling units (PSU) within
each country. These variables include community level poverty measured as the proportion of
individuals living in poor households in the community; community level education measured as
the proportion of individuals with less than high school education in the community and low
community media exposure measured as the proportion of individuals with low media exposure
in the community. Country-level variables were derived from World Bank’s World Development
Indicators and include: national income measured as per capita gross domestic product (GDP)
adjusted for purchasing power parity, based on the United Nations Development Program
estimates. This refers to the sum of gross value added by all resident producers in the economy
plus any product taxes and minus any subsidies not included in the value of the products,
expressed in international dollars using purchasing power parity rates and divided by total
population during the same period and expenditure on public health (% of GDP) (%): calculated
based on current and capital spending from central and local government budgets, external
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borrowings and grants (including donations from international agencies and nongovernmental
organizations), and social (or compulsory) health insurance funds, expressed as a percentage of
GDP (World Bank, 2012a).
Statistical Analyses
Median and interquartile ranges were used to describe continuous variables. Frequencies
and proportions were used to describe categorical covariates in relation to HIV status. Rao-Scott
chi-square was used to test for relationships between the HIV status and each of the covariates.
As recommended, pooled sample weights that account for the unequal probabilities of selection,
oversampling, nonresponse, country-level variability in population and complex survey design
were incorporated in all analyses. Regression diagnostics were utilized to identify potential
collinearity. A three level multi-level logistic regression models were fitted to compute the fixed
effect odds ratios (OR) and 95% confidence interval (CI) of HIV testing and receipt of test
results. Four nested models at level 1, level 2, level 3 and level 4 were constructed. Model 1
constitutes an empty model without any covariate variables. This model was specified to
decompose the variance between community and country-levels. Model 2 represents individual
level covariates the relationships among the individual level variables; Model 3 models contain
community-level variables and model 4 includes explanatory variables at the individual,
community and country-levels. Intra-cluster correlation (ICC) was used to measure community
and country-level random effects. The linear threshold model formula was used to compute the
ICC (Snijders and Bosker, 1999). Descriptive analyses were conducted using SAS 9.3 (SAS
Institute Inc., Cary, North Carolina) and multilevel regression estimates were computed using
MLwiN 2.30 (Rasbash et al., 2008).
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3.3 Results
The overall HIV prevalence was 5.5%. Descriptive statistics for the final pooled sample
are shown in table 3.1. A greater proportion of the participants were of age 15-19 years (21.6%).
Most respondents were married in a monogamous relationship (53.5%), and had two or more
children (47.5%). Some participants were pregnant at the time of the survey (9.5%). A greater
proportion of the participants had a primary level education (42.3%), and was employed at the
time of the testing (57.8%). Most of the participants lived in rural areas (68.6%). However,
greater proportion of participants had low stigma towards people living with HIV/AIDS (64.8%).
Among those who were married, age at first marriage was evenly distributed. A slightly higher
proportion of participants had their sexual debut when they were less than 16 years old (31.6%).
Fewer proportions of participants had premarital sex (23%), had multiple sex partners (2.3%)
and were involved in risky sexual behavior (7.4%).
The median proportion of women living in communities with less than high school
education was 87%. The median proportion of women residing in communities with poor
households was 33%. The median proportion of participants in the community with low media
exposure was about 30%. At the country-level, the median GDP per capita (2005 PPP) was 972
USD median expenditure on public health (% of GDP) (%) was 2.44%.
Table 3.2 displays association between HIV status and each covariate. Each individuallevel covariate was significantly associated with HIV status. Compared to HIV seronegative
women, HIV positive women resided in communities with lower proportions of women having
less than high school education, lower proportion of women with poor household wealth, and
lower proportion of women with poor media exposure. The median GDP per capita of countries
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where HIV seropositive women resided is slightly higher than median GDP per capita of
countries for HIV seropositive women.
Results of fixed-effect and random-effect measures from multilevel analysis are shown in
table 3.3. The lack progressive declines in the community and country-level variance estimates
and in the ICC in model 2, 3, and 4 indicate that the community and country-level variables that
were added in the model did not contribute much towards explaining the unexplained variation in
the odds of testing HIV positive. Based on the ICC about 22% of the total variation in the odds
of testing HIV positive are attributable to country-level differences. After adjustment for
individual, community and country-level factors about 18% of the total unexplained variation in
the odds of testing HIV positive was attributable to country-level factors. This evidence supports
the use of multilevel modeling that accounts for community and country variations as an
appropriate approach.
Table 3.3 also shows results of fitting the multilevel model including individual-level,
community level, and country-level factors. In the final model, the odds of testing HIV positive
among women in the 25-29, 30-34, 35-39, and 40-44 age categories was higher compared to
women 45-49 years. However, the odds of testing HIV positive were lower for women in the
youngest 15-19 and 20-24 age categories. Compared to never married women, women who were
married monogamously had lower odds of testing HIV positive. On the other hand, women who
were widowed and those who were divorced had higher odds of testing HIV positive (Adjusted
Odds Ratio, aOR=3.81; 95% CI 2.95, 4.92; and 1.61; 95% CI 1.37, 1.90), respectively.
Compared to nulliparous women, primiparous women had higher odds of testing HIV positive.
However, multiparous women had reduced odds of testing HIV positive. Compared to nonpregnant women, women who were pregnant at the time of their interview had lower odds of
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testing HIV positive (aOR=0.82; 95% CI 0.79, 0.94). Compared to women with no education,
the odds of testing HIV positive is higher for women with primary level education. However, no
significant difference in the odds of testing HIV positive was detected between women with no
education and women with at least secondary school education. Women residing in rural area
had lower odds of testing HIV positive compared to women residing in urban areas (aOR=0.72;
95% CI 0.64, 0.81). Women with higher level of enacted stigma had higher odds of testing HIV
positive compared to women with low enacted stigma (aOR=1.20; 95% CI 1.11, 1.30).
Compared to women who reported never having sex, women who initiated sexual activity at any
point had higher odds of testing HIV positive, the strongest association being among women
with whose sexual debut was at an earlier age (aOR=3.45; 95% CI 2.77, 4.30). Women who
reported involvement in premarital sex and women who had multiple sex partners had higher
odds of testing HIV positive (aOR=1.17; 95% CI 1.06, 1.27; and 1.39; 95% CI 1.02, 1.88).
Controlling for all individual level variables, no significant association have been detected
between community and country-level variables and the odds of testing HIV positive.
3.4 Discussion
The findings of the current study have demonstrated that the overall prevalence of HIV
seropositivity among women of childbearing age in sub-Saharan Africa is 5.5%, compared to the
overall estimated prevalence among adults of 4.7% (UNAIDS, 2013). This difference in
prevalence can partly be explained by the fact that UNAIDS estimates includes both males and
females. Factors such as age, marital status, parity, pregnancy status, type of residence, stigma,
age at first sex, premarital sex and having multiple partners are associated with HIV infection.
While some of these findings are consistent with existing body of literature, others contradict
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previous findings. Identification of factors associated with HIV infection is essential in the
development of targeted interventions for prevention, treatment and care.
The current finding of the association between age and HIV status is consistent with the
literature. Studies have found lower prevalence in younger age and higher prevalence in HIV
among women who are in their thirties (Humphrey et. al., 2007; Magadi & Desta 2011; Wand &
Ramjee, 2012). The association between being widowed or divorced and higher odds of testing
HIV positive has been noted previously (Magadi & Desta 2011; Hajizadeh et al., 2014).
However, contrary to the findings in the current study, reports have shown that women who are
married or are in a stable relationship have higher odds of HIV infection than their single
counterparts mainly because of their inability to negotiate contraceptive use such as condoms
(UNICEF, n.d.). For example in Zimbabwe, the HIV prevalence ranges from 6.2% among
unmarried women, increases to 14.2% among married women and further increases to 26%
among those that reported divorced or widowed (UNICEF, n.d.). The higher odds of infection
among divorced or widowed can partly be explained by former spouses HIV infection which
might have resulted in divorce or death, respectively, although this needs to be confirmed with a
prospective study design as the information regarding former partner status was not available in
the dataset. It has to be noted that there are socio-cultural factors that are critical in
understanding the association of HIV infection to marital status. Bakilana (2005) suggests the
importance of taking into account additional factors that may contribute to higher risk of HIV
infection among married women. These factors include couples living arrangements, years in
marriage, engaging in extramarital sex, age at first marriage, education and age differences
between the spouses (Rombo, 2009), domestic violence and rape (Jewkes & Abrahams, 2002;
Kim et. al., 2003; Ncube,2009) as well as other religious, and traditional marital practices such
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wife inheritance and polygamy in response to childlessness and infertility of partner (Nwoye,
2007), and sexual coercion within marriage (Pettifor et al., 2004; Ncube, 2009).
Studies that examined the association of parity and HIV status have yielded mixed
results. A study in Uganda found a significant interaction between age and parity and the odds of
testing HIV positive (Humphrey et. al., 2007). The finding of the significant association between
being pregnant and reduced odds of testing HIV positive may be explained partly by the fact that
pregnant women are less likely to engage in risky sexual behavior as well as higher likelihood of
getting HIV tested during pregnancy. Studies in Uganda and in South Africa have found that
HIV positive women are less likely than their uninfected peers to want to have a child (Doskoch,
2013; Snow et al.; 2013; Kaida 2011). The association between being primiparous and having
higher odds of HIV seropositivity as observed in the current study may partly be explained by
the lack of desire to have more children among HIV infected women, although the crosssectional design precludes this temporal sequence of association.
The finding that women with primary level of education had higher odds of HIV
seropositivity is not surprising. Previous studies examining the association between education
and HIV infection have yielded mixed results. Some studies showed that women with some
education were less likely to be infected with HIV than women who had not completed high
school (Bärnighausen et al., 2007; Pettifor et al., 2008; Wand, H., & Ramjee, 2012). These
studies show that better educated women are more likely to negotiate contraceptive use such as
condoms, and are also more likely to delay age at sexual debut (UNAIDS, 2000; Pettifor et. al.,
2008). On the contrary, earlier studies found having more education was either not associated
with higher likelihood of HIV infection or was associated with higher likelihood of HIV
infection (Hargreaves & Glynn; 2002). A systematic review that explored time trends in the
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association between educational attainment and risk of HIV infection have found a change
through time in the pattern of the association between education and HIV infection in subSaharan Africa (Hargreaves et al., 2008). Regardless of the nature of this relationship there
appears to be a need for incorporating and strengthening HIV/AIDS education into school
curriculum.
The association between rural residence and lower odds of HIV infection found in this
study has been documented in other studies (Magadi & Desta 2011; Magadi, 2013). These
studies also suggest that this relationship is moderated by poverty placing urban poor at greatest
risk for HIV infection. Possible explanations to the lower risks of verified HIV infection among
rural population include decreased HIV testing, geographic isolation, limited sexual networking
and influence of traditional behavioral norms and values (Johnson & Budlender, 2002).
The finding of the association between high level of stigma and increased odds of HIV
infection is consistent with findings from other studies (Brown et al., 2006; Clum et al., 2009).
Stigma and its associated negative consequences such as decreased or lack of social support,
social exclusion, symptoms of distress, depression, guilt feelings and shame, feelings of failure,
negative self-image and lack of hope for the future due to incurable nature of HIV, manifests in
the engagement of risky sexual behaviors such as nondisclosure of HIV status to sexual partner,
engaging in unprotected sex and substance abuse thereby increase the risk of HIV infection
(Clum et. al., 2009; Mustanski, 2007; Magadi, 2012). This evidence suggests the need for the
development of an effective HIV/AIDS sensitization program that will eradicate stigma and
improve access to prevention and treatment services.
As observed in the current study, early sexual debut has consistently been found to be
significantly associated with HIV infection among women in sub-Saharan Africa (Stockl et al.,
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2012; Slaymaker et al. 2009; Ghebremichael et al., 2009; Pettifor et al., 2004; Pettifor et al.,
2008). Some studies suggest that this association could be due to the longer or extended period
of time of sexual activity which increases the chances of HIV exposure and infection (Hallet et
al, 2004; Pettifor et al., 2004). The biological immaturity of the reproductive tract of women at
early age has also been proposed as a possible explanation (Pettifor, 2004; Pettifor et al., 2008).
Others noted that women who engage in sex at an early age will be more prone to engage in
risky sexual behaviors at a later age, including having multiple and concurrent partners, engage
in transactional sex, engage in unprotected sex and be exposed to other have previous sexually
transmitted infections all of which are known to increase the risk of HIV infection (Pettifor et al.,
2008; Boileau et al., 2009; Ghebremichael et al., 2009; Wand & Ramjee, 2012). A good
understanding of the mechanism by which early sexual debut increase the odds of HIV infection
is essential in the development effective programs that will allow women to navigate their sex
life.
The finding that having engaged in premarital sex is associated with having higher odds
of HIV infection is consistent with previous studies in sub-Saharan Africa (Zaba et al., 2009;
Ghebremichael & Finkelman, 2013). Women with longer duration of premarital sex are more
likely to report multiple sexual partners (Ghebremichael & Finkelman, 2013). This may partly be
the mechanism by which early sexual debut contribute to higher odds of HIV infection. The
association between having multiple sex partners and higher odds of HIV infection observed in
this study has been noted elsewhere (Chen et al., 2007; Epstein, 2007; Magadi & Desta, 2011).
The high viral load immediately after infection is a major risk factor for transmission especially
in concurrent rather than in sequential multiple partnerships (Shelton et al., 2004).
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The current study has several strengths that include its population based nature, inclusion
of nationally representative samples, adequate sample size, and the availability of information on
potential individual, community and country-level confounders for multivariable adjustment.
The main limitation of our study is that, owing to the cross-sectional nature of our study, it is
impossible to make causal inferences and determine the temporal nature of the associations. We
also cannot rule out the effects of other unmeasured characteristics including sexual behavior of
partners/husband, substance abuse, prior experience with sexually transmitted disease, intimate
partner violence, population movement, and other cultural differences. In addition, participants'
self-reports especially on sensitive questions such as premarital sex, age at first sex, multiple sex
partners could have introduced misclassification and bias.
Conclusions
In conclusion, identification of the factors associated with HIV/AIDS infection among
women of childbearing age is an important strategy in the fight against the HIV/AIDS. This
paper attempted to shed light on the role of different levels of socio-demographic and behavioral
characteristics that are associated with HIV infection in sub-Saharan Africa combining nationally
representative surveys among women of childbearing age. The findings have important public
health implications, especially the need for considering factors identified in this study while
designing prevention programs. As demonstrated by the current study, the magnitude of the odds
of testing positive for HIV varies across different socio-demographic and behavioral
characteristics. Along with the biological and other environmental risk factors that were not
captured by the current study, factors identified in this study may place women at greater risk for
HIV infection. Nevertheless, the modifiable nature of many of these factors identified in the
study suggests that these can be substantially mitigated through the development and

49

implementation of an effective, target oriented public health policy and practice. Furthermore,
addressing HIV/AIDS in women of childbearing age can substantially reduce MTCT of the
virus. Strategies that include provision of effective education and counseling about HIV and
educating community members about prevention, transmission, and treatment of HIV have the
potential to empower women to make decisions for themselves. Furthermore, factors identified
in this study should be taken into account when allocating resources for HIV prevention,
treatment and care.
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Chapter 4
A population based analysis of the socio-demographic and behavioral characteristics
associated with HIV seropositivity among children in sub-Saharan Africa
Abstract
Objectives: Despite the significant reduction in mother to child transmission of HIV over the
past few years, HIV infection has increasingly become one of the leading causes of overall child
mortality in sub-Saharan Africa. The purpose of this study was to examine individual and
community-level factors associated with HIV seropositivity among children 0-14 years in subSaharan Africa.
Method: This study utilizes a cross-sectional design to examine 15,034 children 0-14 years who
participated in a population based HIV testing of the Demographic and Health Survey and AIDS
Indicator Survey between 2006 and 2011 in 3 sub-Saharan African countries. Multilevel
modeling was used to identify the association between individual maternal and community-level
characteristics and HIV seropositivity of children.
Results: The overall prevalence of HIV seropositivity among children 0-14 years was 1.22%. In
the multivariable-adjusted model, maternal characteristics that were significantly associated with
the odds of HIV seropositivity in children, included maternal HIV seropositivity (Adjusted odds
ratio, aOR = 16.61; 95% CI 16.40, 16.82). Children whose maternal age at birth was greater than
16 years had higher odds of HIV seropositivity, although the odds of testing seropositive
diminish with increasing maternal age. Compared to children whose mothers have never been
married, children whose mothers were divorced/separated and widowed had higher odds of
testing positive (aOR=2.92; 95% CI 2.98, 3.05 and aOR=1.41; 95% CI 1.35, 1.48, respectively).
Similarly, children whose mothers were married monogamously had higher odds of testing HIV
positive (aOR=1.69; 95% CI 1.62, 1.77). Children whose mothers were employed were more
likely to test HIV positive than were children with unemployed mothers (aOR=1.44; 95% CI
1.42, 1.46). The likelihood of HIV seropositivity was higher for children whose mothers had
high HIV/AIDS awareness compared to those whose mothers had low level of HIV/AIDS
awareness (aOR=1.46; 95% CI 1.44, 1.48).

Conclusion: Programs aimed at reducing HIV infection among children 0-14 years in subSaharan Africa should consider biological as well as maternal socio-demographic profiles.
Elimination of vertical transmission can only be achieved when programs acknowledge the
intricate relationships between these and other factors.

51

4.1 Introduction
In 2012, an estimated 260,000 children were newly infected with HIV (UNAIDS, 2013;
WHO, 2014). In the same year there were 3.3 million children under the age of 15 living with
the HIV virus (UNAIDS, 2013; WHO, 2014). Over 90% of the newly infected children under the
age of 15 years were from developing countries, the largest burden was from sub-Saharan
African countries (WHO, UNAIDS, UNICEF, 2012; Ubesie, 2012; UNAIDS, 2014). The
epidemic has become one of the leading causes of child mortality in sub-Saharan Africa and it
accounts for about 3% of deaths among children under age 5 years (Ngwende et. al., 2013). It is
estimated that about 89% of orphans or children who have lost one or both parents due to AIDS
resided in sub-Saharan Africa. (Ubesie, 2012; U.S. Global health policy, 2010).
One risk factor for the high number of pediatric HIV infections in sub-Saharan Africa is
the increased number of infections among women. Women constitute 56-63% of all HIV
infected persons in sub-Saharan Africa (Ubesie, 2012; Nassali et. al., 2009). MTCT of HIV is a
primary mode by which the epidemic affects children under the age of 15 years. In 2012, an
estimated 260,000 children contracted HIV during the perinatal and breastfeeding period
(UNAIDS, 2014). During the same period, an estimated 210,000 children died from AIDSrelated illnesses predominantly in sub-Saharan African countries (UNAIDS, 2014).
There are three ways by which MTCT of HIV occurs: during pregnancy, during labor or
delivery, and through breastfeeding (Newell, 1998; De Cock et al., 2000). It is estimated that
90% of pediatric HIV infections is through transmission from the mother to her child during
either pregnancy, birth or breastfeeding (Ubesie 2012; WHO, 2012). The estimated risk of
infection varies across MTCT modes. The risk of MTCT is higher during pregnancy either
during labor or through breastfeeding (De Cock et al., 2000). In the absence of any intervention,

52

there is a 15% to 45% MTCT risk of HIV (WHO, 2013). The risk of transmission is higher for
women have secondary bacterial, viral, or parasitic placental infection or other AIDS related
infections (Fowler et al. 2007; Boily-Larouche et al. 2009). During labor, HIV can also be
transmitted during accidental mixing of maternal and placental blood. During delivery, HIV can
be transmitted due to the rupturing of membranes (Anderson, 1997; Fowler et al. 2007). Acute
and chronic chorioamnionitis (mainly derived from untreated diseases and infections as well as
other abnormalities during delivery) also increases the risk of MTCT (Anderson, 1997; Chi et al.,
2006). Other factors such as early chorionic membrane rupture and premature birth increases the
risk of MTCT of HIV (Leroy et al., 2001; Newell, 2006; Taha, 2011). The risk of transmission
through breastfeeding is influenced by other factors such as the age of the infant, nature, duration
and consistency of breastfeeding, health condition of the mother’s breasts, level of viral load and
immune status of the mother, mother’s susceptibility of HIV infection and oral health of infants
(Fowler et al. 2007; Embree et al., 2000; Leroy et al., 2001; Ciaranello et al., 2011). Studies
suggest that in the absence of appropriate interventions and treatments, less than 10% of infants
with HIV will live to adolescence (Marston et. al., 2005). With effective intervention, the risk of
MTCT can be reduced to as low as 2% (WHO, 2012).
In addition to the biological mechanisms for MTCT of HIV, other factors that include:
lack of access to timely care, lack of transportation, poor adherence to recommended treatment,
stigma and discrimination related to HIV/AIDS, lack of availability of infant feeding options and
other psychosocial factors (Ubesie, 2012). There is little known knowledge or evidence about the
magnitude of the relative contribution of socio-demographic, behavioral, and community-level
factors of MTCT in sub-Saharan Africa. One study cannot consider all of the possible factors,
although the factors may be duly recognized. The primary objective in the current study is to
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examine the association between maternal individual and community-level characteristics and
HIV seropositivity among children ages 0-14 years in three sub-Saharan African countries:
Mozambique, Swaziland and Uganda.
4.2 Methods
Data
The study utilizes data from the Demographic and Health Surveys (DHS) and the AIDS
Indicator Surveys (AIS) conducted from 2006 through 2011 in three sub-Saharan African
countries. The study design and methodology of the DHS and AIS are available in detail
elsewhere (DHS, 2013). In brief, conducted by the Monitoring and Evaluation to Assess and Use
Results Demographic and Health Surveys (MEASURE DHS), DHS and AIS are nationally
representative surveys designed to monitor the health and dietary status of noninstitutionalized
civilian populations in developing countries. With funding from United States Agency for
International Development and other international organizations such as United Nations
Children's Fund (UNICEF), United Nations Population Fund (UNFPA), World Health
Organization (WHO), and the Joint United Nations Program on HIV and AIDS (UNAIDS
MEASURE DHS is implemented by ICF International. Data collection methods included face-to
face interviews using a pre-tested and validated questionnaire; clinical, physical and laboratory
examinations. Details of the analytical procedures involved in the DHS and AIS HIV testing are
published elsewhere (MEASURE DHS, 2014). DHS and AIS surveys are collected using a
multi-stage stratified probability sampling technique to accurately represent populations of each
country. Selection of participants was based on strata, cluster, households and individuals within
households. In some countries, HIV testing and testing for other nutritional deficiencies were
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conducted among participants who consented. The use of standardized questionnaire in each
country makes DHS and AIS data suitable to generate estimates based on pooled data.
Both DHS and AIS datasets have a pre-calculated weighting factor that is used to adjust
for nonresponse and to ensure representativeness. However, the standard weighting factor is not
valid for pooled data from different surveys. Following the recommendation from MEASURE
DHS, in this paper the standard weight were de-normalized to account for variation in the
number of children sampled in each country. This process involves multiplication of the standard
HIV weight, HIVwt, by an additional adjustment factor given by (t/HIVt), to obtain
HIVwt*(t/HIVt), where, t is the total number children in the given age group in the country at the
time of the survey, and HIVt is the number children in the given age group who tested for HIV.
Both standard HIV weight factor and the number of children tested in the survey are provided in
DHS and AIS. The estimated total number of children in a given age group at the time of the
survey was derived from the United Nations World Population Prospects
(http://esa.un.org/wpp/).
The study sample consisted of 21,948 children 0-14 years who were tested for HIV
between 2006 and 2011 in three sub-Saharan African countries. Children who participated in the
HIV testing but whose mothers were not tested (n=5, 272), or whose mother had missing data on
covariates examined in the current study were excluded (n=1,577). The final sample consisted of
15,034 children 0-14 years.

Ethics statement
This study is based on an analysis of de-identified secondary data using a standard
protocol developed by the DHS program. The survey was approved by the Institutional Review
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Board of ICF Macro in Calverton, Maryland, USA, and other country-specific ethics-related
committees. Before participating in the survey, parents and guardians of participants gave
informed consent and all information was collected confidentially. Approval for the current
study was also obtained from the Institutional Review Board of the academic institution of the
researchers.
Outcome variable: HIV test result
The primary outcome of interest in the study was the HIV test results derived from
confirmatory HIV testing. This variable was categorized into two groups, children who were
HIV seropositive and children who were HIV seronegative.
Independent Variables
The selection of the independent variable for the current study was guided by the World
Health Organization’s Commission for Social Determinants of Health (CSDH) conceptual
framework. Drawing substantially on the contributions of Solar and Irwin (2007), the CSDH
developed a conceptual framework to describe relationships among individual and structural
variables influencing health outcomes. The framework is now widely used in the development of
targeted interventions on social determinants of health (CSDH, 2008). The magnitude of the
relative contribution of social determinants of health to HIV seropositivity in children in a large
population-based study has limited study.
In this study, maternal individual and community-level factors were examined. In order
to ensure largest possible sample size, the decision to include variables was based on availability
across the datasets from the three countries. Maternal individual level factors were categorized
and included: maternal HIV status (negative, positive); maternal age at delivery (<16, 16-19, 2024, >24); marital status (never married, married-monogamous, married-polygamous, widowed,
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divorced or separated); parity (none, one, two or more); education (no education, primary,
secondary or higher); household wealth index (poorest/poorer, middle, richer/richest);
employment status at the time of interview (no, yes); place of residence (rural, urban);
HIV/AIDS stigma (low, high); age at first marriage (never married, < 16, 16-17, 18-19, ≥20); age
at first sex (< 16, 16-17, 18-19, ≥20); premarital sex (no, yes); risky sexual behavior (no, yes).
Having multiple sex partners refers to having more than one sex partner in the past 12 months.
Risky sexual behavior is defined as having last sex with non-spousal partner without using
condom. Other variables examined included whether or not mother tested for HIV and received
results during antenatal care visit (no, yes) and the level of maternal exposure to HIV related
information during antenatal care visit (poor, optimal). Children’s individual characteristics
examined in this study include age (0-1, 2-4, 5-9, and 10-14) and sex (male, female).
In the standard DHS and AIS, household wealth index is calculated based upon the data
from the household’s ownership of consumer goods, dwelling characteristics, source of drinking
water, toilet facilities, and other characteristics that relate to a household’s socioeconomic status.
The method applied in the calculation of wealth index in DHS and AIS can be found elsewhere
(Rutstein & Johnson, 2004). In short, this index were constructed by assigning each of these
assets a factor score generated through principal component analysis. These scores were then
standardized in relation to a standard normal distribution with a mean of zero and a standard
deviation of one and total score of the household were used to rank individuals based on the
household they resided. Finally, the scores were converted into quintiles from one (poorest) to
five (richest). This study utilized a similar procedure to create variables for HIV/AIDS
awareness, HIV/AIDS stigma, and maternal level of exposure to HIV related information during
antenatal care visit. Three questions were used to assess attitudes toward individuals with
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HIV/AIDS held by the mothers. Participants were asked if they would be willing to care for a
relative with AIDS, if a teacher infected with HIV, but is not sick, should be allowed to continue
teaching, and if they would buy vegetables from a vendor with HIV. Awareness of HIV/AIDS
was based on an established and widely used measure where each woman was asked whether or
not she agreed or disagreed with the following statements: 1) HIV can be prevented by using
condoms every time you have sexual intercourse; 2) HIV can be prevented by limiting
intercourse to one uninfected partner; 3) it is possible for a healthy-looking person to have the
AIDS virus; 4) the AIDS virus can be transmitted from mosquito bites; 5) a person can get HIV
by sharing food with a person who has AIDS; 6) a person can get the AIDS virus because of
witchcraft or other supernatural means; 7) the virus that causes AIDS can be transmitted from a
mother to her baby during pregnancy; 8) the virus that causes AIDS can be transmitted from a
mother to her baby during delivery; 9) the virus that causes AIDS can be transmitted from a
mother to her baby by breastfeeding. Three questions were used to evaluate maternal level of
exposure to HIV related information during antenatal care (ANC) visit. These questions relate to
whether or not mother’s talked about: HIV transmitted mother to child; things to do to prevent
getting HIV; and getting tested for HIV.
In this context, communities are geographically defined by the regions within each
country. Community-level factors were directly calculated from DHS and AIS data and include
community-level poverty measured as the proportion of mothers living in poor households in the
community; community-level education measured as the proportion of mothers with less than
high school education in the community.
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Statistical Analyses
Median and interquartile ranges were used to describe continuous variables, education
and wealth index. Frequencies and proportions were used to describe categorical covariates in
relation to the outcome variables of having been tested and receiving test results. Rao-Scott chisquare was used to analyze the data for relationships between the status of testing and each of the
covariates. As recommended, pooled sample weights that account for the unequal probabilities of
selection, oversampling, nonresponse, country-level variability in population and complex
survey design were incorporated in all analyses. Regression diagnostics were utilized to identify
potential collinearity. Two level multi-level logistic regression models were fitted using PROC
GLIMMIX procedures to compute the fixed effect odds ratios (OR) and 95% confidence interval
(CI) of HIV status. Three nested models at level 1, level 2, and level 3 were constructed. Model 1
constitutes an empty model without any covariate variables. This model was specified to
decompose the total variance into two components, namely individual and community
components. The main purpose of the empty model is to determine whether the overall
difference between communities and individuals in terms of child HIV seropositivity was
significant. Model 2 represents individual level covariates and the relationships among the
individual level variables and the outcome. The purpose of this model is to examine whether or
not variations in child seropositivity across communities could be explained by the individual
characteristics of mothers residing within that community. Model 3 contains individual and
community-level explanatory variables and is used to test for the independent effect of
community-level variables in the presence of the individual-level variables. Intra-cluster
correlation (ICC) was used to measure community-level random effects. The linear threshold
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model formula was used to compute the ICC (Snijders & Bosker, 1999). All analyses were
conducted using SAS 9.3 (SAS Institute Inc., Cary, North Carolina).

4.3 Results
Descriptive statistics for the final pooled sample are displayed in table 4.1. A greater
proportion of the participants were aged 2 to 4 years (36%). Fifty-one percent of the children
were male. Approximately 9% of children had HIV positive mothers. A greater proportion of
children were born to mothers who were 24 years or older (55%), monogamously married
(85.8%), and had two or more children (82.4%). A greater proportion of children had mothers
who had primary level education (61%), were employed at the time of the interview (69%), lived
in poor households (44%) and were from rural areas (80%). HIV/AIDS awareness of the mothers
was evenly distributed. However, a greater proportion of children had mothers who exhibited
low stigma levels towards people living with HIV/AIDS (80%). A slightly higher proportion of
children had mothers whose age at first marriage and age at first sex were less than 16 years
(33% and 41%, respectively). Fewer proportions of children had mothers who had: experience
with premarital sex (33%); multiple sex partners (2.2%) and were involved in risky sexual
behavior (6.2%). A slightly lower proportion of children in the sample had mothers who were
tested for HIV and received results during antenatal care visit (45%). On the other hand, a
slightly greater proportion of children had mothers who received optimal HIV related
information during ANC visit (54%).
At the community-level, the median proportion of children who lived in communities
where mothers had less than high school education was 85%. The median proportion of children
who lived in communities with poor households was 32%. Table 4.2 displays association
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between each covariate and the outcome variable, HIV/AIDS status. Children’s age, maternal
HIV status, maternal age at birth, maternal marital status, maternal employment status, and
maternal HIV/AIDS awareness and year the survey was conducted were significantly associated
with HIV status of children. Results of fixed-effect and random-effect measures from multilevel
analysis are shown in table 4.3. Model 1 showed that there was a significant variation in the
likelihood of HIV seropositivity in children across communities. Examination of the Intra-cluster
correlation coefficient (ICC) reveals that about 54% of the total variation in HIV seropositivity in
children was attributable to community-level differences. Model 2 accounted for maternal
individual level characteristics demonstrating that 47% of the total unexplained variation in the
odds of HIV seropositivity was attributable to unobserved community-level factors. Including
community-level factors in model 3 did not change the total unexplained variation observed in
model 2. This is an indication that community-level clustering of HIV seropositivity observed
was not due to contextual differences rather was related to composition of communities by
individual characteristics. However, even after adjustment for individual and community-level
factors the community-level variance in the odds of HIV seropositivity remains large, suggesting
noticeable differences in the odds of testing for HIV seropositivity across communities. This
evidence supports the use of multilevel modeling is appropriate.
Table 4.3 also shows results of fitting the multilevel model including individual-level,
and community-level factors. Maternal HIV seropositivity was strongly associated with the odds
of HIV seropositivity in children (Adjusted odds ratio, aOR = 16.61; 95% CI 16.40, 16.82).
Children whose maternal age at birth was greater than 16 years had higher odds of HIV
seropositivity compared to those whose maternal age at birth was less than 16 years. Children
whose mothers were divorced/separated and widowed had higher odds of testing positive as
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compared to children whose mothers’ have never been married, (aOR=2.92; 95% CI 2.98, 3.05
and aOR=1.41; 95% CI 1.35, 1.48, respectively). Children whose mothers were married
monogamously also had higher likelihood of testing HIV positive (aOR=1.69; 95% CI 1.62,
1.77). Children whose mothers were employed had higher odds of testing HIV positive than
children whose mothers were unemployed (aOR=1.44; 95% CI 1.42, 1.46). The likelihood of
HIV seropositivity is higher for children and whose mother had high HIV/AIDS awareness
compared to those whose mothers had low level of HIV/AIDS awareness (aOR=1.46; 95% CI
1.44, 1.48). However, children and whose mothers had moderate level awareness of HIV/AIDS
had a 15% reduced odds of testing HIV positive as compared to children whose mother had high
HIV/AIDS awareness.
4.4. Discussion
The complexity of child HIV seropositivity in sub-Saharan Africa calls for a holistic
approach in examining the biological, demographic, psychosocial, and behavioral factors at
various levels. The principal finding of the current study is that even after adjusting for maternal
HIV status other individual maternal characteristics were significantly associated with testing
HIV positive among children. Although the model that included the two community contextual
variables did not seem to provide a better overall explanation for the variation in HIV
seropositivity there remained a significant unexplained variations in the odds of testing HIV
positive among children residing in different communities.
The association between the biological factor of maternal HIV seropositivity and
children’s seropositivity is consistent with existing literature. Several studies have noted that
vertical transmission accounts for the strongest predictor of pediatric HIV infection and accounts
for 90% of childhood HIV infections (Coutsoudis, Kwaan & Thomson, 2010; Koye & Zeleke,
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2013). Research has also shown that children who become infected with HIV in utero or
intrapartum are likely to develop more serious and fatal disease than those who become infected
during breastfeeding (Zijenah et. al., 2004; Newell et. al., 2004). Other studies have
demonstrated that the onset and progression of the disease in children is associated with the
maternal HIV-RNA viral load, infections, nutrition and coupled with other social determinants of
health (Rouet et. al., 2003; Spira et. al., 1999). Breastfeeding practices have been shown to be
associated with pediatric HIV infection and are known to influence the rate at which postnatal
transmission occurs from the mother to the child (Coutsoudis et. al., 2001; Iliffe et. al., 2005;
Coovadia et. al., 2007). A study conducted in South Africa demonstrated that infants are at a
greater risk of HIV infection through postnatal transmission if they are not exclusively breastfed
during the first six months (Coutsoudis et. al., 2001). Recent studies that have also shown that
the risk of pediatric transmission of HIV is lower among infants who are exclusively breastfed
compared to infants who receive partial breastfeeding complemented by other sources of
nutrition (Coovadia et. al., 2007; Iliffe et. al., 2005). Unfortunately, these variables were not
captured in AIS datasets.
The literature on the association between maternal age and risk of MTCT is inconsistent
(Coovadia et. al., 2007; Prestes-Carneiro et al., 2012). A possible mechanism for the association
between younger maternal age and lower odds of HIV infection in children is the level of
advancement or stage of the disease. Compared to younger mothers who are at the early stages of
the disease, older mothers with advanced stages of the disease and lower CD4+ lymphocyte
count have higher rate of vertical transmission (Coetzee et. al., 2005; Ahmad, 2011). Younger
age may also imply less sexual exposure and thus lower risk of HIV seropositivity. Further
studies are needed to explore the role of other potential mechanisms such as maternal use and
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adherence to prevention of mother to child antiretroviral (PMTCT ARV) treatments that are
known to differ by maternal age (Nassali et al., 2009; Barigye et al., 2010; Igwegbe et al., 2010).
The association between having a mother who is widowed or divorced and higher odds of HIV
seropositivity in children can be explained by the higher prevalence of HIV among widowed and
divorced mothers. However, similar to maternal age, this finding could possibly relate to
differences in patterns of adherence to PMTCT by different categories of marital status.
Research examining the association between marital status and adherence to antiretroviral
therapy (ART) in low and middle income settings have demonstrated mixed results. There is
evidence showing a positive association between being single and adherence to ART (ByakikaTusiime et al., 2005) while others have shown a negative association between being single and
adherence to ART (Uzochukwu et al., 2009). Further studies are needed to explore additional
mechanisms explaining the association between maternal marital status and children’s HIV
serostatus.
In addition, a possible explanation for negative association between maternal
employment status and increased odds HIV seropositivity in children observed in this study
could be poor adherence to ART among employed mothers. A recent systematic review and
meta-analysis demonstrated higher likelihood of ART adherence among employed women
(International Labor Organization, 2013). On the other hand, other multi-country studies
conducted in Africa have shown that being employed is negatively associated with adherence to
ART (Etienne et al., 2010). Employed women are less likely to have the time to visit health
facilities for the ART medication refills and are more likely to face stigma and discrimination
that affects their adherence (Etienne et al., 2010). It has to be noted that the current study did not
include variables related to ART availability, although the countries in the current study are
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major recipients of funding from international organizations that support HIV prevention,
treatment and care. Future studies need to explore this and additional mechanisms explaining the
relationship between maternal employment and HIV seropositivity in children.
The increased odds in HIV seropositivity among children whose mothers had high
HIV/AIDS awareness support the claim that knowledge may be a necessary but not sufficient
condition for improved health outcome. However, children whose mothers had moderate level
awareness of HIV/AIDS had a 15% reduced odds of testing HIV positive as compared to
children whose mother had high HIV/AIDS awareness. With respect to adherence to ARV for
PMTCT. Research examining the relationship between having sufficient HIV related knowledge
and adherence showed mixed results (Gourlay et al., 2013). It has to be noted that, the
association observed in the current study association could simply be an artifact of the fact that
HIV positive mothers could have gained high level of HIV/AIDS awareness after being infected.
However, due to the cross-sectional nature of this study design, temporal associations cannot
necessarily be inferred.
One of the main strengths of this study is that it is based on a large population based
sample of children. However, the study has several limitations. The cross-sectional study design
precludes causation of HIV infection in children. Secondly both DHS and AIS data does not
have information on maternal HIV viral load, CD4+ lymphocyte count, duration of disease,
patterns of adherence to ART which are factors that need to be taken into account in examining
factors contributing to HIV seropositivity in children. Similarly, AIS data does not have
information related to breastfeeding practices, which is another major route for postnatal vertical
transmission. The risk of transmission through breastfeeding is determined by other factors such
as the age of the infant, nature duration and consistency of breastfeeding, health condition of the
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breast, level of viral load and immune status of the mother, maternal susceptibility of HIV
infection as well as oral health of infants (Embree et al., 2000; Leroy et al., 2001; Ciaranello et
al., 2011). The absence of these potential contributing variables limits generalizability of factors
identified in this study. Thirdly, data on maternal behavioral characteristics obtained is subject to
recall and social desirability bias as women had to recall events from their experiences. Despite
these limitations, this study presented evidence on the importance of an inclusive holistic
approach to understand the dynamics and complexity of factors associated with HIV
seropositivity among children in sub-Saharan Africa.
In conclusion, this study adds to the literature the importance of importance of biological
and socio-demographic characteristics factors associated with HIV seropositivity in children and
in sub-Saharan Africa. The relevance of factors identified in the current study should be
acknowledged while developing future interventions aimed at reducing HIV infection in
children. Further research is needed to explore the magnitude and relative contribution of factors
identified in the current study and other community level characteristics while adjusting for
established biological and behavioral risk factors for HIV seropositivity in children.

66

Chapter 5
Discussion
5.1 Summary of key findings
The current study utilized nationally representative data from the Demographic and
Health Survey (DHS) and AIDS Indicator Surveys conducted between 2006 and 2012 from 25
countries in sub-Saharan Africa. The research examined individual, community and countrylevel factors associated with HIV testing and receipt of test results, and HIV seropositivity in
women 15-49 years and HIV seropositivity in children 0-14 years. The study on children was
limited to data from three countries, namely: Mozambique, Swaziland and Uganda.
In the first study, approximately 40% of women in sub-Saharan Africa reported having
been tested and receiving test results. Women who were married or who had been married were
more likely to report HIV testing and receiving test results as compared to never married women.
Previous studies examining the relationship between marital status and HIV testing showed
mixed results (Demssie et al., 2009; Fabiani et.al, 2003; Westheimer, 2004). Whereas current
literature on the association between parity and HIV testing remain inconclusive, in the current
study, women had higher likelihood of HIV testing and receiving test results compared to their
nulliparous counterparts. Consistent with existing literature, this study found reduced odds of
HIV testing and receiving test results with decreasing education and decreasing household
wealth status (Gage & Ali, 2005; Cremin et al. 2009; Mitchell; 2010). Employed women were
more likely to report HIV testing and receipt of test results than their unemployed counterparts.
However, this result has not previously been described and should be further examined to better
understand the relationship]. The finding that rural residents were less likely to be tested than
their urban counterparts could be a reflection of the fact that rural residents have limited
knowledge and access to preventive services (Bankole et al., 2007). The likelihood of HIV
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testing is higher for women with moderate and high media exposure, compared to women with
low media exposure is an indication that access to information is an important factor. Confirming
the findings from previous studies, the odds of HIV testing and receipt of test results was lower
among women with high level enacted stigma towards people living with HIV/AIDS (Painter et
al., 2011; Turan et al., 2008; Larsson et al., 2009; Stringer et. al, 2008). At the country-level,
expenditure on public health (% of GDP) (%), was positively associated with the odds of testing
and receipt of test results. Future studies need to examine the mechanism of each of these and
additional individual, community and country-level variables on HIV testing in sub-Saharan
Africa.
Based on the second study, the overall prevalence of HIV seropositivity among women of
childbearing age in sub-Saharan Africa was 5.5%. Consistent with existing literature, the odds of
HIV seropositivity was highest among women who were in their thirties compared to those
women aged 45-49 years (Humphrey et. al., 2007; Magadi & Desta 2011; Wand & Ramjee,
2012). Contrary to existing literature, this study found lower likelihood of HIV seropositivity
among women, women who were in monogamous marriage had lower odds of testing HIV
positive compared to never married women. However, the higher likelihood of HIV
seropositivity among widowed and divorced women has previously been noted (Magadi & Desta
2011; Hajizadeh et al., 2014). The higher odds of testing HIV positive among primiparous and
reduced odds of testing positive among multiparous as compared to nulliparous women need
further examination. The higher odds of HIV seropositivity among non-pregnant women
compared to their pregnant counterpart may partly be explained by the lack of desire among HIV
positive women to have children (Doskoch, 2013; Snow et al.; 2013; Kaida 2011). This study
was not able to detect shifting higher prevalence of HIV seropositivity among the least educated
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in sub-Saharan Africa observed previously (Hargreaves et al., 2008), although women with
primary level education had higher likelihood of HIV seropositivity compared to women without
no education. The lower odds of testing HIV positive in rural areas compared to women residing
in urban areas has been documented previously (Magadi & Desta 2011; Magadi, 2013).
Likewise, confirming the finding of previous studies women with higher level of enacted stigma
had higher odds of testing HIV positive compared to women with low enacted stigma (Clum et.
al., 2009; Mustanski, 2007; Magadi, 2012). The association between early sexual debut and
higher odds of testing HIV positive observed in the current study has widely been noted (Stockl
et al., 2012; Slaymaker et al. 2009; Ghebremichael et al., 2009; Pettifor et al., 2004; Pettifor et
al., 2008). In this study, women who reported involvement in premarital sex and women who
had multiple sex partners had higher odds of testing HIV positive (Zaba et al., 2009;
Ghebremichael & Finkelman, 2013). After adjusting for individual level variables, this study was
unable to detect significant associations between community and country-level variables and the
odds of testing HIV positive. Future studies are needed to examine the mechanism of each of
these and additional individual, community and country-level variables on HIV seropositivity in
sub-Saharan Africa.
In the third study, the prevalence of HIV seropositivity among children 0-14 years was
1.2%. Consistent with existing literature, maternal positive HIV serostatus was strongly
associated with child’s HIV seropositivity (Coutsoudis, Kwaan & Thomson, 2010; Koye &
Zeleke, 2013). The study also found that children whose maternal age at birth was greater than
16 years had higher odds of HIV seropositivity compared to those whose age at birth was less
than 16 years. A possible explanation could be that older mothers have advanced stage of the
disease with high viral load and low CD4+ lypmocyte count, which are established risk factors
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for increased rate of vertical transmission (Coetzee et. al., 2005; Ahmad, 2011). The association
between having a mother who is widowed or divorced and higher odds of HIV seropositivity in
children 0-14 years can be explained by the higher prevalence of HIV among widowed and
divorced mothers. Higher odds of HIV seropositivity in children whose mothers were
unemployed could possibly be related to poor adherence to antiretroviral treatment (ART) among
employed mothers (Etienne et al., 2010). However, other studies have reported higher likelihood
of ART adherence among employed women (International Labor Organization, 2013). Increased
odds of HIV seropositivity in children whose mothers had high HIV/AIDS awareness compared
to those whose mothers had low level of HIV/AIDS awareness could be attributed to reverse
causality. Although this study was unable to detect a significant association between community
level characteristics adjusted in the model, the community-level variance in the odds of HIV
seropositivity remains large, suggesting noticeable differences in the odds of testing for HIV
seropositivity across communities. A holistic approach that incorporated biological, sociodemographic and behavioral factors at various levels is essential for the development of an
effective prevention of MTCT of HIV.
5.2 Significance of the study
Studies utilizing nationally representative datasets and multilevel approaches to examine
socio-demographic and behavioral factors associated with HIV testing and receipt of test results,
and HIV seropositivity are currently lacking. In the current study, the utility of these approaches
was clearly established. The findings revealed that several socio-demographic and behavioral
characteristics at various levels influence HIV testing and receipt of test results, and HIV
seropositivity. The findings from the current study can serve a guide to HIV/AIDS program to
create targeted prevention programs. It may also help policy makers to identify important
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determinants that need to be addressed at various levels. The study can benefit future researchers
as their reference. The design and implementation of interventions for individuals, communities,
and overall society need to acknowledge the need for a sufficient understanding of the role of
different factors at various levels.
5.3 Strengths and limitations
One of the main strengths of the three studies is large sample size that is representative of
the general population in sub-Saharan Africa. Studies examining patterns of HIV testing and
HIV seropositivity in sub-Saharan Africa have often relied on small high-risk groups or health
facility-based populations which may not represent the general population and may be
susceptible for selection bias. Having such a large data also allowed adjusting as many individual
level variables as possible. This study also has a number of limitations. Primarily, the crosssectional design of the current study precludes making any causal or temporal associations
observed in the three studies. However, it has to be noted that cross-sectional studies have widely
been used to generate causal hypotheses. Secondly, data related to women’s participation in HIV
testing and receipt of test results were derived from self-reports which are susceptible underreporting and/or over-reporting. Thirdly, potential determinants that are known to influence
patterns of HIV testing, receipt of test results, and HIV seropositivity such as distance and
accessibility of HIV testing, treatment and care services, perceived risk for HIV, injection drug
use were not measured in standard and DHS and AIS. Fourthly, due to social desirability and
recall bias, sensitive topics that include involvement in premarital sex, risky sexual behavior and
having multiple sex partners may have been misreported. However, although DHS and AIS data
are collected using face-to-face interviews, no identifiable personal information is collected and
data sets are confidential.
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5.4 Future research
HIV infection continues to be one of the leading preventable causes of morbidity and
mortality in sub-Saharan Africa (Jamison, 2006; Mathers et al., 2009). Furthermore, the
consequences of MTCT of HIV are widely known and indisputable. Most children under the age
of 15 years are infected through MTCT and HIV infected children will eventually die of HIVrelated diseases. With almost 260,000 new MTCT infections each year, there is an unequivocal
need for evidence-based interventions for women of childbearing age. Research on the
prevention of HIV and MTCT of HIV shows that only a handful of programs demonstrate
meaningful results, indicating that the overwhelming majority women are unresponsive to
current efforts to reduce HIV infection in the general population and MTCT of HIV (Medley et
al. 2009; Bothand Van Roosmalen, 2010).
Findings from this study suggest the need for a deeper understanding of the mechanisms
by which factors identified by the three studies influence HIV testing and receipt of test results as
well as HIV seropositivity among women and children 0-14 years in sub-Saharan Africa. This
information will allow an opportunity to develop an effective policy and strategy to curb the
spread of the HIV in sub-region. Efforts should be placed to studying trends and multi-level
determinants of HIV testing and HIV seropositivity and perhaps inclusion of other factors which
influence outcomes examined in the current study. Additional DHS and AIS assessment efforts
are currently underway in many parts of the sub-Saharan Africa. The availability of these
datasets will continue to play a major role to our understanding of patterns of HIV testing and
HIV seropositivity in this part of the world. In addition to the new datasets that will be available
for future analyses, evidence presented from the current study can inform the development of
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appropriate interventions. Utilizing a holistic approach that incorporates behavioral, biomedical
and social strategies, significant reductions in risk and rates of HIV infection can be achieved
(Ross et al., 2006).
In the current study, selection of study variables in the three studies was inspired by
World Health Organizations’ Commission for Social Determinants of Health framework. Using
the findings from the current study future research should aim at utilizing this conceptual
framework in the development of interventions to improve uptake of HIV testing and preventing
HIV infection. Additionally, future research should be directed at the application of other
alternative theories to identify the mechanisms by which factors identified in the current study
are associated with each outcome. A very important line of investigation is the influence of
community viral load on HIV seropositivity in women and children. Recent studies have shown
that community viral load is an important marker of the transmission of HIV at the population
level (Das et al., 2010; Castel et al., 2012). Research should also be directed at examination of
the role of country-level HIV/AIDS related policy and its association with HIV testing and HIV
seropositivity in sub-Saharan Africa.
More effective interventions targeting women and children are needed. A
multidisciplinary effort that incorporates research on the molecular, psychosocial,
epidemiological, behavioral perspectives at various levels have the potential to curb the
devastating impact of HIV in sub-Saharan Africa. Public health policy makers can benefit from
such holistic and inclusive perspectives in appropriating care in communities with limited
resources while planning the design and implementation of HIV prevention strategies.
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Figures

Figure 1. World Health Organization's Social Determinants of Health Conceptual Framework (CSDH, 2008)
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Figure 2. Study sample proportions of female participants in the Demographic and Health Survey and AIDS
Indicator Survey in sub-Saharan
Saharan Africa (2006
(2006-2012)
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Chapter 2 Tables
Table 2.1 Study sample proportions of female participants in the Demographic and
Health Survey and AIDS Indicator Survey in sub-Saharan Africa (n = 260,986)
SE
Country
Survey Year
n
wt. %
Burkina Faso
Burundi
Cameroon
Congo Brazaville
Cote d'Ivoire
Democratic Republic of Congo
Ethiopia
Gabon
Guinea
Kenya
Lesotho
Liberia
Malawi
Mali
Mozambique
Niger
Rwanda
Sao Tome and Principe
Senegal
Sierra Leone
Swaziland
Tanzania
Uganda
Zambia
Zimbabwe

2010
2010
2011
2009
2011-12
2007
2011
2012
2005
2008-09
2009
2007
2010
2006
2009
2006
2010
2008-09
2010-11
2008
2006-07
2011-12
2011
2007
2010-11

17087
9389
15426
6550
10060
9995
16515
8422
9142
8444
7624
7092
23020
14583
5647
9223
13671
2615
15688
7374
4987
10967
11148
7146
9171

3.30
2.03
4.51
0.91
4.19
11.13
18.47
0.35
2.34
9.22
0.47
0.71
3.12
2.47
5.66
2.55
2.36
0.04
2.84
1.29
0.25
9.53
6.90
2.41
2.95

0.0807
0.0397
0.101
0.0409
0.1412
0.6383
0.3453
0.0161
0.0732
0.4485
0.0132
0.0217
0.0653
0.1051
0.2261
0.0582
0.0354
0.0017
0.0837
0.0429
0.0067
0.2766
0.1766
0.0591
0.0698

Wt %: weighted percent; N: number of participants. Weighted percentages were obtained to
control for complex sample design, therefore division of individual cell sizes by the total sample
will not reflect weighted percentages. Pooled sample weights were derived from individual country
sample weights and population sizes during the survey year for each country.
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Table 2.2 Description and characteristics of female participants in the DHS and
AIS 2006-2012 (n=255,048)
Individual level (n= 255, 048)
Age
15-19
20-24
25-29
30-34
35-39
40-44
45-49
Marital status
Never married
Married-monogamous
Married-polygamous
Widowed
Divorced/separated
Parity
None
1
2 or more
Pregnant
No
Yes
Education
None
Primary
Secondary or more
Wealth index
Poorest
Poorer
Middle
Richer
Richest
Employment
No
Yes
Residence
Urban
Rural
Media exposure*
Low
Moderate
High

n

wt.%

55425
48908
44906
34615
29569
22358
19267

21.7
19.3
17.8
13.6
11.5
8.6
7.5

65161
128000
38302
8182
15242

25.2
53.2
11.8
3.2
6.7

68031
68223
119000

27.4
25.8
46.9

231000
23780

90.7
9.3

89832
96140
69062

33.2
42.0
24.8

49767
47241
47470
50504
60066

17.6
18.5
19.0
20.3
24.6

109000
146000

42.2
57.8

87881
167000

32.0
68.0

79547
76246
86271

35.3
31.6
33.1
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HIV/AIDS awareness
Low
Moderate
High
HIV/AIDS stigma
Low
High
Age at first marriage
Never married
<16
16-17
18-19
≥20
Age at first sex
Never had sex
<16
16-17
18-19
≥20
Premarital sex
No
Yes
Multiple sex partners
No
Yes
Risky sexual behavior
No
Yes
Survey year
2006-2009
2010-2012
Community level (n=10,029)
Less than high school education (%)
Poorer/est household wealth index (%)
Low media exposure (%)*
Country level (n= 25)
GDP per capita (2005 PPP) USD
Expenditure on public health (% of GDP) (%)

77119
74030
81444

33.1
32.3
34.6

148000
71813

64.8
35.2

65161
53291
45595
37979
53022

25.2
22.2
17.6
14.8
20.3

38922
78876
60131
42124
34531

16.0
31.4
22.7
16.6
13.3

196000
59225

77.1
22.9

248000
6728

97.7
2.3

236000
19518

92.7
7.3

89209
166000

37.0
63.0

Median
85.23
32.33
30.43

IQR
36.07
63.42
38.84

977.49
2.40

542.93
1.25

DHS: demographic and health survey; AIS: AIDS indicator survey;
Wt %: weighted percent; N: number of participants; IQR: interquartile range;
USD: United States dollar; PPP: purchasing power parity; GDP: gross domestic
product Weighted percentages were obtained to control for complex sample
design, therefore division of individual cell sizes by the total sample will not
reflect weighted percentages. Pooled sample weights were derived from individual
country sample weights and population sizes during the survey year for each
country. *Data not available for Congo Brazzaville and Mozambique.
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Table 2.3 Description and characteristics of female participants in the DHS and AIS 2006-2012 by
status of HIV test and receipt of test result (n=255,048)
Tested for HIV and received result
No
Yes
P-value
n
wt.%
n
wt.%
Individual level (N= 260, 986)
Age
< 0.001
15-19
42500
27.1
12925
13.4
20-24
25892
17.1
23016
22.7
25-29
22629
15.1
22277
22.1
30-34
18210
12.0
16405
16.1
35-39
16873
11.0
12696
12.5
40-44
14085
9.1
8273
7.9
45-49
13271
8.8
5996
5.4
Marital status
< 0.001
Never married
46015
29.2
19146
18.9
Married-monogamous
67438
47.3
60722
62.2
Married-polygamous
28803
15.1
9499
6.7
Widowed
4227
2.9
3955
3.6
Divorced/separated
6976
5.5
8266
8.5
Parity
< 0.001
None
50553
33.0
17478
18.6
1
32746
20.5
35477
33.9
2 or more
70161
46.5
48633
47.5
Pregnant
< 0.001
No
140000
91.3
91226
90.0
Yes
13445
8.7
10335
10.0
Education
< 0.001
None
70858
42.3
18974
19.2
Primary
48461
37.1
47679
49.6
Secondary or more
34129
20.7
34933
31.2
Wealth index
< 0.001
Poorest
34392
21.0
15375
12.4
Poorer
30461
20.7
16780
15.0
Middle
29598
20.3
17872
16.9
Richer
29396
19.5
21108
21.6
Richest
29613
18.5
30453
34.1
Employment
< 0.001
No
68998
45.4
39981
37.2
Yes
84462
54.6
61607
62.8
Residence
Urban
49114
28.1
38767
38.0
Rural
104000
71.9
62821
62.0
Media exposure*
< 0.001
Low
55487
42.8
24060
24.0
Moderate
44069
29.6
32177
34.7
High
44738
27.6
41533
41.3
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HIV/AIDS awareness
Low
Moderate
High
HIV/AIDS stigma
Low
High
Age at first marriage
Never married
<16
16-17
18-19
≥20
Age at first sex
Never had sex
<16
16-17
18-19
≥20
Premarital sex
No
Yes
Multiple sex partners
No
Yes
Risky sexual behavior
No
Yes
Survey year
2006-2009
2010-2012
Community level (n= 10, 029)
Less than high school education (%)
Poorer/est household wealth index (%)
Low media exposure (%)*
Country level (n= 25)
GDP per capita (2005 PPP) USD
Expenditure on public health (% of GDP) (%)

< 0.001
47046
43230
41629

36.0
33.4
30.6

30073
30800
39815

29.1
30.8
40.1

74357
52104

58.0
42.0

73772
19709

75.0
25.0

< 0.001

< 0.001
46015
37337
25978
19468
24662

29.2
25.2
17.0
12.8
15.8

19146
15954
19617
18511
28360

18.9
17.5
18.6
17.8
27.1
< 0.001

31411
52881
33474
20296
15072

20.8
34.7
21.0
13.6
9.9

7511
25995
26657
21828
19459

8.5
26.5
25.2
21.4
18.5

124000
29545

81.1
18.9

71850
29680

70.9
29.1

150000
3933

97.8
2.2

98793
2795

97.5
2.5

142000
11732

92.9
7.1

93802
7786

92.4
7.6

< 0.001

0.009

0.090

< 0.001
66784
86676

44.5
55.5

22425
79163

25.5
74.5

Median
89.81
41.99
39.10

IQR
33.75
64.76
40.81

Median
77.70
18.62
21.38

IQR
37.47
52.38
29.12

945.11
2.37

693.26
1.08

1154.98
2.25

408.74
1.92

DHS: demographic and health survey; AIS: AIDS indicator survey;
Wt %: weighted percent; N: number of participants; IQR: interquartile range; USD: United States dollar;
PPP: purchasing power parity; GDP: gross domestic product. Weighted percentages were obtained to
control for complex sample design, therefore division of individual cell sizes by the total sample will not
reflect weighted percentages. Pooled sample weights were derived from individual country sample
weights and population sizes during the survey year for each country.
*Data not available for Congo Brazzaville and Mozambique.
p-values calculated using Rao-Scott adjusted chi-squares
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Table 2.4 Association of individual, community and country-level factors and testing for HIV and receipt of test results
among female participants in the DHS and AIS 2006-2012 in sub-Sharan Africa (n= 242,851)
Model 1
Fixed Effects
Constant
Age
45-49 (Ref)
15-19
20-24
25-29
30-34
35-39
40-44
Marital status
Never married (Ref)
Married-monogamous
Married-polygamous
Widowed
Divorced/separated
Parity
None (Ref)
1
2 or more
Pregnant
No (Ref)
Yes
Education
None (Ref)
Primary
Secondary or more
Wealth index
Poorest (Ref)
Poorer
Middle
Richer
Richest
Employment
No (Ref)
Yes
Residence
Urban (Ref)
Rural
Media exposure*
Low (Ref)
Moderate
High

0.48 (0.28 , 0.84)

Model 2

Model 3

Model 4

0.01 (0.00 , 0.02)

0.01 (0.00 , 0.03)

0.00 (0.00 , 0.01)

1
2.10 (1.67 , 2.64)
3.33 (2.65 , 4.19)
3.00 (2.65 , 4.19)
2.47 (2.07 , 2.94)
2.03 (1.73 , 2.39)
1.46 (1.31 , 1.63)

1
2.16 (1.73 , 2.70)
3.45 (2.76 , 4.31)
2.53 (2.13 , 3.00)
2.07 (1.76 , 2.43)
1.48 (1.33 , 1.64)
1.46 (1.31 , 1.64)

1
2.13 (1.69 , 2.68)
3.36 (2.64 , 4.26)
3.02 (2.45 , 3.72)
2.47 (2.08 , 2.95)
2.03 (1.71 , 2.41)
1.46 (1.30 , 1.64)

1
1.21 (1.09 , 1.34)
1.08 (0.98 , 1.19)
1.19 (1.07 , 1.32)
1.19 (1.08 , 1.31)

1
1.23 (1.11 , 1.36)
1.11 (1.00 , 1.23)
1.20 (1.09 , 1.33)
1.20 (1.10 , 1.32)

1
1.23 (1.11 , 1.36)
1.10 (1.00 , 1.22)
1.20 (1.08 , 1.33)
1.20 (1.09 , 1.31)

1
2.82 (2.19 , 3.64)
2.87 (2.12 , 3.90)

1
2.86 (2.22 , 3.68)
2.92 (2.16 , 3.96)

1
2.77 (2.19 , 3.51)
2.83 (2.11 , 3.81)

1
1.22 (1.14 , 1.30)

1
1.22 (1.14 , 1.30)

1
1.22 (1.15 , 1.30)

1
1.66 (1.43, 1.92)
2.71 (2.36 , 3.12)

1
1.64 (1.42, 1.90)
2.64 (2.30 , 3.02)

1
1.64 (1.41, 1.89)
2.57 (2.26 , 2.92)

1
1.17 (1.08 , 1.26)
1.23 (1.11 , 1.36)
1.34 (1.17 , 1.52)
1.59 (1.33 , 1.91)

1
1.12 (1.05 , 1.20)
1.13 (1.03 , 1.23)
1.19 (1.07 , 1.33)
1.38 (1.17 , 1.61)

1
1.12 (1.04 , 1.20)
1.13 (1.03 , 1.23)
1.19 (1.07 , 1.33)
1.38 (1.17 , 1.62)

1
1.11 (1.04 , 1.18)

1
1.11 (1.04 , 1.18)

1
1.10 (1.03 , 1.18)

1
1.71 (1.50 , 1.94)

1
1.27 (1.11 , 1.44)

1
1.27 (1.11 , 1.45)

1
1.20 (1.15 , 1.26)
1.23 (1.16 , 1.29)

1
1.17 (1.12 , 1.21)
1.19 (1.14 , 1.25)

1
1.16 (1.12 , 1.21)
1.19 (1.14 , 1.24)
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HIV/AIDS awareness
Low (Ref)
Moderate
High
HIV/AIDS stigma
Low (Ref)
High
Age at first sex
Never had sex (Ref)
<16
16-17
18-19
≥20
Premarital sex
No (Ref)
Yes
Multiple sex partners
No (Ref)
Yes
Risky sexual behavior
No (Ref)
Yes
Survey year
2006-2009 (Ref)
2010-2012
Community level
Less than high school education (%)
Poorer/est household wealth index (%)
Low media exposure (%)*
Country level
GDP per capita (2005 PPP) USD
Expenditure on public health (% of GDP) (%)
Random effects
Community level variance (SE)
0.494 (0.069)
Country level variance (SE)
1.966 (0.468)
ICC-Community
42.8
ICC-Country
34.2

1
1.03 (0.99, 1.07)
1.10 (1.04 , 1.16)

1
1.03 (0.99, 1.07)
1.10 (1.04 , 1.16)

1
1.02 (0.99, 1.06)
1.10 (1.04 , 1.16)

1
0.76 (0.72 , 0.81)

1
0.76 (0.72 , 0.81)

1
0.77 (0.72 , 0.81)

1
2.42 (1.92 , 3.04)
2.80 (2.21 , 3.53)
2.97 (2.35 , 3.74)
3.13 (2.41 , 4.07)

1
2.42 (1.93 , 3.04)
2.80 (2.23 , 3.51)
2.97 (2.37 , 3.73)
3.13 (2.43 , 4.04)

1
2.37 (1.92 , 2.93)
2.72 (2.20 , 3.37)
2.89 (2.34 , 3.57)
3.03 (2.40 , 3.82)

1
1.24 (1.16 , 1.33)

1
1.23 (1.16 , 1.32)

1
1.23 (1.15 , 1.31)

1
1.00 (0.92 , 1.09)

1
1.00 (0.91 , 1.09)

1
1.00 (0.91 , 1.09)

1
1.06 (0.99 , 1.13)

1
1.06 (0.99 , 1.13)

1
1.05 (0.99 , 1.12)

1
4.45 (1.47 , 13.51)

1
4.79 (1.63 , 14.07)

1
5.33 (2.09 , 13.61)

1.00 (0.99 , 1.00)
1.00 (0.99 , 1.00)
1.00 (0.99 , 1.00)

1.00 (0.99 , 1.00)
1.00 (0.99 , 1.00)
1.00 (0.99 , 1.00)
1.00 (1.00 , 1.00)
1.48 (1.19 , 1.83)

0.427 (0.073)
1.522 (0.388)
37.2
29.1

0.427 (0.065)
1.424 (0.373)
36.0
27.7

0.413 (0.068)
1.033 (0.280)
30.5
21.8

DHS: demographic and health survey; AIS: AIDS indicator survey;Wt %: weighted percent; N: number of participants;
IQR: interquartile range; USD: United States dollar; PPP: purchasing power parity; GDP: gross domestic product; SE:
standard error; ICC: intra-cluster correlation coefficient
Pooled sample weights were derived from individual country sample weights and population sizes during the survey year for
each country.
*Data not available for Congo Brazzaville and Mozambique.
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Chapter 3 Tables
Table 3.1 Description and characteristics of female participants in the DHS and
AIS HIV testing 2006-2012 (n=155,356)
Individual level (n= 155,356)
Age
n
wt.%
15-19
33847
21.6
20-24
29777
19.3
25-29
27257
17.9
30-34
20884
13.5
35-39
18184
11.6
40-44
13607
8.6
45-49
11800
7.6
Marital status
Never married
40390
24.9
Married-monogamous
80090
53.5
Married-polygamous
19435
11.7
Widowed
5239
3.2
Divorced/separated
10201
6.7
Parity
None
40803
26.8
1
42088
25.6
2 or more
72465
47.5
Pregnant
No
141000
90.6
Yes
14637
9.4
Education
None
49113
33.4
Primary
61802
42.3
Secondary or more
44431
24.2
Wealth index
Poorest
31080
17.8
Poorer
28986
18.5
Middle
28474
19.0
Richer
30721
20.5
Richest
36095
24.2
Employment
No
67280
42.2
Yes
88076
57.8
Residence
Urban
52852
31.4
Rural
103000
68.6
Media exposure*
Low
47281
35.2
Moderate
44784
31.8
High
51036
33.1
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HIV/AIDS awareness
Low
Moderate
High
HIV/AIDS stigma
Low
High
Age at first marriage
Never married
<16
16-17
18-19
≥20
Age at first sex
Never had sex
<16
16-17
18-19
≥20
Premarital sex
No
Yes
Multiple sex partners
No
Yes
Risky sexual behavior
No
Yes
Survey year
2006-2009
2010-2012
Community level (n= 10, 029)
Less than high school education (%)
Poorer/poorest household wealth index (%)
Low media exposure (%)*
Country level (n= 25)
GDP per capita (2005 PPP) USD
Expenditure on public health (% of GDP) (%)

50152
46196
51184

33.5
32.3
34.2

90164
43979

64.8
35.2

40390
31337
27443
23332
32854

24.9
22.4
17.7
14.9
20.2

23036
48250
37450
25883
20428

15.6
31.6
22.8
16.7
13.2

117000
38656

77.0
23.0

151000
4462

97.7
2.3

142000
13241

92.6
7.4

55835
99521

36.8
63.2

Median
86.99
33.11
29.95

IQR
34.03
63.51
37.27

972.34
2.44

475.54
1.78

DHS: demographic and health survey; AIS: AIDS indicator survey;
Wt %: weighted percent; N: number of participants; IQR: interquartile range;
USD: United States dollar; PPP: purchasing power parity; GDP: gross domestic
product Weighted percentages were obtained to control for complex sample
design, therefore division of individual cell sizes by the total sample will not
reflect weighted percentages. Pooled sample weights were derived from individual
country sample weights and population sizes during the survey year for each
country. *Data not available for Congo Brazzaville and Mozambique.
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Table 3.2 Description and characteristics of female participants in the DHS and AIS HIV testing 20062012 by HIV status (n=155,356)
HIV Status
Negative
Positive
P-value
n
wt.%
n
wt.%
Individual level (N=155,356)
Age
< 0.001
15-19
33110
22.5
737
6.7
20-24
28054
19.6
1723
14.5
25-29
24914
17.6
2343
22.3
30-34
18728
13.2
2156
19.9
35-39
16382
11.3
1802
16.3
40-44
12396
8.4
1211
12.1
45-49
10846
7.5
954
8.3
Marital status
< 0.001
Never married
38527
25.6
1863
12.3
Married-monogamous
75063
53.8
5027
48.6
Married-polygamous
18469
11.9
966
7.8
Widowed
3721
2.5
1518
15.5
Divorced/separated
8649
6.1
1552
15.8
Parity
< 0.001
None
39430
27.7
1373
11.8
1
38046
25.0
4042
35.7
2 or more
66954
47.2
5511
52.5
Pregnant
< 0.001
No
130000
90.5
10190
93.5
Yes
13917
9.5
720
6.5
Education
< 0.001
None
47551
34.4
1562
17.0
Primary
56525
41.7
5277
53.7
Secondary or more
40344
23.9
4087
29.4
Wealth index
< 0.001
Poorest
29488
18.1
1592
12.1
Poorer
27190
18.7
1796
14.9
Middle
26592
19.2
1882
15.9
Richer
28200
20.3
2521
23.4
Richest
32960
23.7
3135
33.7
Employment
< 0.001
No
62842
42.7
4438
33.2
Yes
81588
57.3
6488
66.8
Residence
Urban
48194
30.7
4658
43.4
Rural
96236
69.3
6268
56.6
Media exposure*
< 0.001
Low
44585
35.6
2696
27.2
Moderate
41915
31.8
2869
31.0
High
46751
32.6
4285
41.8
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HIV/AIDS awareness
Low
Moderate
High
HIV/AIDS stigma
Low
High
Age at first marriage
Never married
<16
16-17
18-19
≥20
Age at first sex
Never had sex
<16
16-17
18-19
≥20
Premarital sex
No
Yes
Multiple sex partners
No
Yes
Risky sexual behavior
No
Yes
Survey year
2006-2009
2010-2012
Community level (n= 10,029)
Less than high school education (%)
Poorer/poorest household wealth index (%)
Low media exposure (%)*
Country level (n= 25)
GDP per capita (2005 PPP) USD
Expenditure on public health (% of GDP) (%)

< 0.001
46903
43136
46793

33.8
32.4
33.8

3249
3060
4391

29.1
29.7
41.3

82338
42111

63.9
36.1

7826
1868

80.4
19.6

< 0.001

< 0.001
38527
29482
25499
21466
29456

25.6
22.4
17.6
14.8
19.6

1863
1855
1944
1866
3398

12.3
21.8
18.6
17.2
30.1
< 0.001

22743
44829
34362
23494
18725

16.4
31.4
22.6
16.5
13.1

293
3421
3088
2389
1703

2.7
34.8
26.6
20.5
15.4

110000
34179

78.0
22.0

6430
4477

60.5
39.5

140000
3932

97.8
2.2

10396
530

95.5
4.5

133000
11838

92.8
7.2

9523
1403

89.0
11.0

50656
93774

36.5
63.5

5179
5747

42.7
57.3

< 0.001

< 0.001

< 0.001

< 0.001

Median
87.49
34.72
30.68

IQR
33.23
64.15
37.50

Median
70.45
11.79
21.21

IQR
43.21
49.35
28.17

970.99
2.44

438.65
1.35

1153.51
2.51

531.55
1.99

DHS: demographic and health survey; AIS: AIDS indicator survey;
Wt %: weighted percent; N: number of participants; IQR: interquartile range; USD: United States dollar;
PPP: purchasing power parity; GDP: gross domestic product
Weighted percentages were obtained to control for complex sample design, therefore division of
individual cell sizes by the total sample will not reflect weighted percentages.
Pooled sample weights were derived from individual country sample weights and population sizes
during the survey year for each country.
*Data not available for Congo Brazzaville and Mozambique.
p-values calculated using Rao-Scott adjusted chi-squares
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Table 3.3 Association of individual, community and country level factors and HIV seropositivity among female participants
in the DHS and AIS HIV testing 2006-2012 in sub-Sharan Africa (n= 143,159)
Model 1
Model 2
Model 3
Model 4
Fixed Effects
Constant
0.08 (0.05 , 0.13)
0.04 (0.02 , 0.10)
0.05 (0.02 , 0.10)
0.02 (0.00 , 0.08)
Age
45-49 (Ref)
1
1
1
15-19
0.43 (0.31 , 0.58)
0.42 (0.31 , 0.58)
0.42 (0.29 , 0.60)
20-24
0.72 (0.57, 0.90)
0.72 (0.57, 0.90)
0.71 (0.55, 0.91)
25-29
1.37 (1.12 , 1.68)
1.37 (1.12 , 1.68)
1.37 (1.10 , 1.70)
30-34
1.83 1.52 , 2.20)
1.83 1.52 , 2.21)
1.83 1.49 , 2.24)
35-39
1.74 (1.49 , 2.02)
1.75 (1.50 , 2.04)
1.75 (1.48 , 2.06)
40-44
1.55 (1.24 , 1.93)
1.55 (1.24 , 1.94)
1.55 (1.21 , 1.99)
Marital status
Never married (Ref)
1
1
1
Married-monogamous
0.75 (0.61 , 0.92)
0.75 (0.61 , 0.92)
0.75 (0.60 , 0.93)
Married-polygamous
0.93 (0.80 , 1.09)
0.93 (0.80 , 1.09)
0.94 (0.79 , 1.11)
Widowed
3.79 (3.03 , 4.75)
3.84 (3.07 , 4.81)
3.81 (2.95 , 4.92)
Divorced/separated
1.60 (1.37 , 1.85)
1.60 (1.38 , 1.86)
1.61 (1.37 , 1.90)
Parity
None (Ref)
1
1
1
1
1.21 (1.04 , 1.41)
1.21 (1.03 , 1.41)
1.21 (1.02 , 1.45)
2 or more
0.78 (0.70 , 0.88)
0.78 (0.70 , 0.88)
0.78 (0.69 , 0.89)
Pregnant
No (Ref)
1
1
1
Yes
0.83 (0.74 , 0.93)
0.82 (0.73 , 0.93)
0.82 (0.72 , 0.94)
Education
None (Ref)
1
1
1
Primary
1.19 (1.04 , 1.36)
1.19 (1.04 , 1.37)
1.19 (1.02 , 1.39)
Secondary or more
0.97 (0.85 , 1.11)
0.97 (0.85 , 1.11)
0.97 (0.83 , 1.13)
Wealth index
Poorest (Ref)
1
1
1
Poorer
1.04 (0.97 , 1.12)
1.04 (0.96 , 1.12)
1.04 (0.95 , 1.13)
Middle
1.06 0.97 , 1.15)
1.06 0.96 , 1.16)
1.05 0.95 , 1.17)
Richer
1.07 (0.92 , 1.25)
1.07 (0.92 , 1.25)
1.07 (0.91 , 1.26)
Richest
1.10 (0.84 , 1.44)
1.10 (0.84 , 1.44)
1.10 (0.82 , 1.46)
Employment
No (Ref)
1
1
1
Yes
1.09 (0.98 , 1.22)
1.09 (0.98 , 1.22)
1.09 (0.97 , 1.24)
Residence
Urban (Ref)
1
1
1
Rural
0.61(0.52 , 071)
0.72(0.64 , 0.81)
0.72(0.64 , 0.81)
Media exposure*
Low (Ref)
1
1
1
Moderate
0.97 (0.90 , 1.04)
0.97 (0.90 , 1.04)
0.96 (0.89 , 1.04)
High
0.97 (0.89 , 1.06)
0.97 (0.89 , 1.06)
0.97 (0.88 , 1.07)
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HIV/AIDS awareness
Low (Ref)
Moderate
High
HIV/AIDS stigma
Low (Ref)
High
Age at first sex
Never had sex (Ref)
<16
16-17
18-19
≥20
Premarital sex
No (Ref)
Yes
Multiple sex partners
No (Ref)
Yes
Risky sexual behavior
No (Ref)
Yes
Survey year
2006-2009 (Ref)
2010-2012
Community level
Less than high school education (%)
Poorer/poorest household wealth index (%)
Low media exposure (%)*
Country level
GDP per capita (2005 PPP) USD
Expenditure on public health (% of GDP) (%)
Random effects
Community level variance (SE)
1.649 (0.548)
Country level variance (SE)
1.384 (0.548)
ICC-Community
48.0
ICC-Country
21.9

1
0.95 (0.89, 1.02)
1.01 (0.95 , 1.08)

1
0.95 (0.89, 1.02)
1.02 (0.95 , 1.09)

1
0.96 (0.88, 1.03)
1.02 (0.95 , 1.10)

1
1.19 (1.11 , 1.28)

1
1.20 (1.11 , 1.30)

1
1.20 (1.11 , 1.30)

1
3.46 (2.82 , 4.24)
2.90 (2.47, 3.40)
2.87 (2.37 , 3.47)
2.38 (1.99 , 2.83)

1
3.46 (2.82 , 4.24)
2.89 (2.47, 3.39)
2.87 (2.37 , 3.46)
2.37 (1.99 , 2.82)

1
3.45 (2.77 , 4.30)
2.87 (2.42, 3.41)
2.85 (2.32 , 3.49)
2.35 (1.94 , 2.85)

1
1.16 (1.06 , 1.28)

1
1.17 (1.07 , 1.28)

1
1.17 (1.06 , 1.29)

1
1.38 (1.06 , 1.81)

1
1.39 (1.06 , 1.82)

1
1.39 (1.02 , 1.88)

1
0.88 (0.69 , 1.13)

1
0.88 (0.68 , 1.14)

1
0.89 (0.67 , 1.17)

1
0.58 (0.22 , 1.53)

1
0.51 (0.24 , 1.59)

1
0.85 (0.35 , 2.05)

1.00 (1.00 , 1.00)
1.00 (1.00 , 1.00)
1.00 (1.00 , 1.00)

1.00 (1.00 , 1.00)
1.00 (1.00 , 1.00)
1.00 (0.99 , 1.00)
1.00 (1.00 , 1.00)
1.16 (0.79 , 1.71)

2.202 (0.482)
1.218 (0.414)
51.0
18.2

2.166 (0.427)
1.178 (0.397)
50.4
17.8

2.128 (0.406)
1.250 (0.560)
50.7
18.7

United States dollar; PPP: purchasing power parity; GDP: gross domestic product; SE: standard error; ICC: intra-cluster
correlation coefficient.
Pooled sample weights were derived from individual country sample weights and population sizes during the survey year for
each country.
*Data not available for Congo Brazzaville and Mozambique.
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Chapter 4 Tables
Table 4.1 Description and characteristics of children who participated in the DHS and AIS
HIV testing 2006-2011 (n=15,034)
Individual level (n= 15,034)
Child's age
n
wt.%
0-1
3827
23.7
2-4
6216
35.8
5-9
2033
15.0
10-14
2913
25.5
Child's sex
Male
7580
51.0
Female
7454
49.0
Maternal HIV status
Negative
13365
91.0
Positive
1669
9.0
Maternal age at birth
< 16
203
1.6
16-19
2173
15.2
20-24
4257
28.2
>24
8401
55.0
Maternal marital status
Never married
655
2.3
Married-monogamous
12132
85.8
Married-polygamous
477
0.4
Widowed
672
3.7
Divorced/separated
1098
7.8
Maternal parity
1
3113
17.6
2 or more
11921
82.4
Maternal education
None
3337
27.2
Primary
8971
61.0
Secondary or more
2726
11.8
Household wealth index
Poorest/poorer
6378
44.2
Middle
3009
20.4
Richer/richest
5647
35.4
Maternal employment status
Unemployed
4848
30.7
Employed
10194
69.3
Residence
Urban
3482
20.4
Rural
11552
79.6
Maternal HIV/AIDS awareness
Low
5034
31.8
Moderate
4569
31.3
High
5431
36.9
Maternal HIV/AIDS stigma
Low
11489
74.9
High
3545
25.1
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Maternal age at first marriage
Never married
<16
16-17
18-19
≥20
Maternal age at first sex
<16
16-17
18-19
≥20
Mother had premarital sex
No
Yes
Mother had multiple sex partners
No
Yes
Maternal involvement in risky sexual behavior
No
Yes
Mother tested for HIV and received results during ANC visit
No
Yes
Maternal exposure to HIV related information during ANC visit
Poor
Optimal
Survey year
2006-2007
2009-2011
Community level (n= 25)
Less than high school education (%)
Poorer/poorest household wealth index (%)

655
4176
3376
3069
3758

2.3
33.1
22.6
19.5
22.5

5587
4403
3190
1854

41.3
27.3
19.2
12.2

9169
5865

67.1
32.9

14750
284

97.6
2.2

14056
978

93.8
6.2

7265
7769

55.2
44.8

6090
8944

46.4
53.6

1742
13292

1.5
98.5

Median
91.48
46.94

IQR
12.34
31.94

DHS: demographic and health survey; AIS: AIDS indicator survey; Wt %: weighted
percent; N: number of participants; IQR: interquartile range; ANC:antenatal care.
Weighted percentages were obtained to control for complex sample design, therefore
division of individual cell sizes by the total sample will not reflect weighted percentages.
Pooled sample weights were derived from individual country sample weights and
population sizes during the survey year for each country.
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Table 4.2 Description and characteristics of children who participated in the DHS and AIS HIV testing 2006-2011 by
HIV status (n=15,034)
Child's HIV status
P-value
Negative
Positive
n
wt.%
n
wt.%
Individual level (n= 15,034)
Child's age
0.036
0-1
3832
23.7
40
26.3
2-4
6155
36.0
61
22.8
5-9
2001
15.1
32
11.0
10-14
2861
25.3
52
39.9
Child's sex
0.497
Male
7485
51.0
95
55.9
Female
7364
49.0
90
44.1
Mother's HIV status
< 0.001
Negative
13302
91.7
63
35.0
Positive
1547
8.3
122
65.0
Mother's age at birth
0.008
< 16
201
1.6
2
1.0
16-19
2138
15.1
35
23.8
20-24
4198
28.1
59
40.6
>24
8312
55.3
89
34.6
Mother's marital status
< 0.001
Never married
642
2.3
13
1.8
Married-monogamous
12018
86.0
114
69.7
Married-polygamous
468
0.4
9
0.7
Widowed
646
3.6
26
9.1
Divorced/separated
1075
7.7
23
18.7
Mother's parity
0.252
1
3069
17.5
44
22.4
2 or more
11780
82.5
141
77.6
Mother's education
0.674
None
3299
27.2
38
27.3
Primary
8860
60.9
111
65.6
Secondary or more
2690
11.9
36
7.1
Household wealth index
0.939
Poorest/poorer
6301
44.2
77
41.3
Middle
2981
20.3
28
23.0
Richer/richest
5567
35.4
80
35.7
Mother's employment status
0.026
Unemployed
4798
30.8
42
18.7
Employed
10051
69.2
143
81.3
Residence
0.966
Urban
3433
20.4
49
20.7
Rural
11416
79.6
136
79.3
Mother's HIV/AIDS awareness
0.009
Low
4983
32.0
51
19.9
Moderate
4525
31.4
44
24.2
High
5341
36.7
90
55.8
Mother's HIV/AIDS stigma
0.450
Low
11346
74.8
143
79.7
High
3503
25.2
42
20.3
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Mother's age at first marriage
Never married
<16
16-17
18-19
≥20
Mother's age at first sex
<16
16-17
18-19
≥20
Mother had premarital sex
No
Yes
Mother had multiple sex partners
No
Yes
Mother's involvement in risky sexual behavior
No
Yes
Mother tested for HIV and received results during ANC visit
No
Yes
Mother's exposure to HIV related information during ANC visit
Insufficient
Sufficient
Survey year
2006-2007
2009-2011
Community level (n= 25)
Less than high school education (%)
Poorer/poorest household wealth index (%)

0.406
642
4139
3329
3026
3713

2.3
33.2
22.5
19.5
22.6

13
37
47
43
45

1.8
30.7
30.0
25.9
11.6

5523
4341
3149
1836

41.3
27.2
19.2
12.3

64
62
41
18

40.9
34.2
17.8
7.1

9068
5781

67.0
33.0

101
84

69.6
30.4

0.661

0.729

0.640
14573
276

97.9
2.1

177
8

97.0
3.0

13893
956

93.8
6.2

163
22

92.7
7.3

7157
7692

55.2
44.8

108
77

50.5
49.5

0.733

0.637

0.354
6005
8844

46.5
53.5

85
100

38.1
61.9

1693
13156

1.5
98.5

49
136

3.6
96.4

Median
91.43
46.97

IQR
12.34
31.83

Median
95.59
43.22

IQR
11.79
50.54

< 0.001

DHS: demographic and health survey; AIS: AIDS indicator survey; Wt %: weighted percent; N: number of
participants; IQR: interquartile range; ANC:antenatal care. Weighted percentages were obtained to control for complex
sample design, therefore division of individual cell sizes by the total sample will not reflect weighted percentages.
Pooled sample weights were derived from individual country sample weights and population sizes during the survey
year for each country.
p-values calculated using Rao-Scott adjusted chi-squares
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Table 4.3 Association of individual and community and country level factors and HIV seropositivity
among children who participated in the DHS and AIS HIV testing 2006-2011 (n=15,034)
Model 1
Model 2
Model 3
Fixed Effects
Constant
0.01 (0.00 , 0.02)
0.00 (0.00, 0.01)
0.00 (0.00 , 0.08)
Mother's HIV status
Negative (Ref)
1
1
Positive
16.61 (16.40 , 16.82)
16.61 (16.40 , 16.82)
Mother's age at birth
< 16 (Ref)
1
1
16-19
2.80 (2.66 , 2.96)
2.80 (2.66 , 2.96)
20-24
2.27 (2.15 , 2.39)
2.27 (2.15 , 2.39)
>24
1.32 (1.25 , 1.39)
1.32 (1.25 , 1.39)
Mother's marital status
Never married (Ref)
1
1
Married-monogamous
1.69 (1.62 , 1.77)
1.69 (1.62 , 1.77)
Married-polygamous
1.04 (0.96 , 1.13)
1.04 (0.96 , 1.13)
Widowed
1.41 (1.35 , 1.48)
1.41 (1.35 , 1.48)
Divorced/separated
2.92 (2.98 , 3.05)
2.92 (2.98 , 3.05)
Mother's employment status
Unemployed (Ref)
1
1
Employed
1.44 (1.42 , 1.46)
1.44 (1.42 , 1.46)
Mother's HIV/AIDS awareness
Low (Ref)
1
1
Moderate
0.85 (0.83 , 0.86)
0.85 (0.83 , 0.86)
High
1.46 (1.44 , 1.48)
1.46 (1.44 , 1.48)
Survey year
2006-2007 (Ref)
1
1
2009-2011
0.41 (0.06 , 2.84)
0.35 (0.02, 6.81)
Community level
Less than high school education (%)
Poorer/poorest household wealth index (%)
Random effects
Community level variance (SE)
3.91 (1.23)
ICC-Community
54.3
Model fit statistics
AIC
1517282.0
BIC
1517285.0

1.00 (0.94 , 1.07)
0.99 (0.96 , 1.03)
2.96(0.95)
47.3

2.90 (0.93)
46.9

1234613.0
1234630.0

1234616.0
1234636.0

DHS: demographic and health survey; AIS: AIDS indicator survey; SE: standard error; ICC: intra-cluster
correlation coefficient; AIC: Akaike information criterion, BIC: Bayesian information criterion. Pooled
sample weights were derived from individual country sample weights and population sizes during the
survey year for each country.
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